
DOCUMENT RESUME

ED 135 616 SE 021 985

AUTHOR Ruud, Orville George
TITLE The Construction of an Instrument to Measure

Proportional Reasoning Ability of Junior High
Pupils.

PUB DATE Dec 76
NOTE 280p.,;. Ph.D.,Dissertation, University of Minnesota;

Not avairiale in hard copy due to marginal legibility
of original document

EDRS PRICE HF-S0.83 Plus Postage. MC Not Available from EDRS.
DESCRIPTORS *Cognitive Development; Developmental Tasks; Doctoral

Theses; *Educational Research; Learning Theories:
Measurement Instruments; *Physical Sciences; Sciwice
Education; Secondary Education; *Secondary School
Science; *Tests

IDENTIFIERS *Piaget (Jean); Research Reports

ABSTRACT
The purpose of this study was to develop a

paper-pencil est of Piagetian levels of proportional thinking for
junior high school students in the context of physical science. Two
thousand twenty-seven students were tested to develop the instrument
and the description of its characteristics. The final form consisted
of 24 items with four subtests each of six items for Piagetian
levels: Concrete Operational I, Concrete Operational II, Formal
Operational I, and Formal Operational II. Piagetian task interviews
were also given to a group of students, and-:.the paper-pencil test
results correlated positively with the task results of the students
who took both tests. Content, concurrent construct, divergent, and
convergent validity measurements showed the paper-pencil test to be
valid. The test was also shown to have a high reliability and good
item discrimination between proportional reasoning levels. (MH)

***********************************************************************
Documents acquired by ERIC include many informal unpublished

* materials not available from other sources. ERIC makes every effort *
* to cbtain the best copy available. Nevertheless, items of marginal *
* reproducibility are often encountered and this affects the quality *
* of the microfiche and hardcopy reproductions ERIC makes available *

* via the ERIC Document Reproduction Service (EDRS). EDRS is not
* responsible for the quality of the original document. Reproductions *
* supplied by EDRS are the best that can be made from the original. *
***********************************************************************



U.S. DEPARTMENT OF HEALTH.
EDUCATION & WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS 00CUMENT HAS BEEN REPRO.
OLICED EXACTLY AS RECEIVEO FROM
THE PERSON OR ORGANIZATION ORIGIN
ATING IT POINTS OF VIEW OR OPINIONS
STATEO 00 NOT NECESSARILY REPRE
SENT OFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITION OR POLICY

THE CONSTRUCTION OF AN INSTRUMENT TO MASURE PROPORTIONAL

REASONING ABILITY OF JUNIOR HIGH PUPILS

A Thesis

Submitted to the Faculty of the Graduate School

of the University of Minnesota

by

Orville George Ruud

In Partial Fulfillment of the Requirements

for the Degree of

Doctor of Philosophy

December, 1976



CONTENTS

Page

LIST OF TABLES

LIST OF FIGURES

CHAPTER

1 THE PROBLEM 1

Introduction 1

Statement of the Problem 2

Hypothesis and Task of StudY
Definitions

Basic Design 5

Phase I - Pilot Study 5
Phase II - Task Interview Testing 5
Phase III - Paper-Pencil Testing 6

2 SURVEY OF RELATED RESEARCH LITERATURE 7

Studies of Formal OPerations 8

Original Studies 8
Replications of Original Studies 10
Related Studies 13
Batteries of Tasks 14
Correlational, Studies 15
Developmental Studies 16

Studies of Proportional Thinking 17

Original Studies 17
Replications of Original Studies 18
Studies of Components of Proportional Reasoning . 22
Learning Theory Implications of Some Studies 22
Studies Using Group and Paper-Pencil Tests . . 23

3



CHAPTER Page

Studies and Precepts of CriteriolA-Referenced
Testing 26

Original Studies 27
Test Design 28
Task Testing Concerns 29
Item Collections and Scoring 29
Written Tasks 31
Studies Employing Criterion-Referenced Testing . 31
Analysis Techniques of Validity and Reliability . 34

3 PHASE I - TEE PILOT STUDY. 39

Setting 39

School Site
Pupils

Basic Design 4o

Initial Study 4o

Task Interviews 4o

Paper-Pencil Tests 43

Pilot Study Results 45

Task Interviews 45

Paper-Pencil Tests 46

Implications for Phase II 48

4 PHASE II - TASK INTERVIEW TESTING 50

Setting 50

Sample Selection 51

Basic Design 53

Phase II Results 58

Implications for Phase III 59

5 PHASE III - PAPER-PENCIL TESTING 61

Test Versions and Sample Selection 61

Basic Design 65



CHAPTER Page

Phase III Results/Interpretations 71

Version I . . . ......... , . 71
Version II 76
Version III A and Version III B 83
Version IV A 86
Version IV B 90
Version V A 96
Version V B 100

Summary 105

6 CHARACTERISTICS OF THE INSTRUMENT 106

Validity 106

Content Validity 106
Concurrent Validity 107
Construct Validity 113
Discriminant Validity 116
Convergent Validity 116
Summary of Validity 118

Reliability 118

Summary of Reliability 121
Item Difficulty 121
Item Discrimination 121

Summary 128

7 CONCLUSIONS 129

Review of Purpose and Procedure 129

Findings 130

Educational Implications 130

Limitations of the Study and Suggestions
Research ......

her
. . . .. 132

SELECTED BIBLIOGRAPHY 134



LIST OF TABLES

TABLE Pagb

3.1 Task Interview Criteria 42

3.2 Sample Pupil'Responses 43

3.3 Pupil Average Scores on Pilot Tasks 45

3.4 Rating of Pilot Task Performance 46

3.5 Pilot Paper-Pencil Average Scores 46

3.6 Average Scores of Paper-Pencil Problems 47

3.7 Contingency Table of Average Task and Paper-Pencil
Scores 48

4.1 Socioeconomic Comparison of Bloomington Junior High
Schools 51

4.2 Comparison of Characteristics of Initial Sample with
Total Population 52

4.3 Pilot Sample Characteristics 53

4.4 Task Specifications 55

4.5 Pupil Task Averages by Level 59

5.1 Test Versions and Pupil Samples 62

5.2 Specifications of Paper-Pencil Items Desired 66

5.3 Content and Stage of Vbrsion I Paper-Pencil Items . . . 72

5.4 Version II Test Item Content and Stage 714.

5.5 Characteristics of Selected Version I Items for
Version 11 75

5.6 Performance of "Masters" and "Transitional" Pupils
on Versions IT A and II c 79

5.7 Version II B Results 80

6



TABLE Page

5.8 Level I Item Results for Grade 8 Pupils on Version
II A 81

5.9 Version II Item Decisions 82

5.10 Version III A Item Decisions, 85

5.11 Proportional Reasoning Levels of Grade 8 Pupils on
Version IV A 87

5.12 Version IV A Item Decisions 89

5.13 Item Discrimination Version IV A . 91

5.14 Version IV B Item Responses of Physics Pupils 95

5.15 Proportional Reasoning Levels of Grade 8 Pupils on
Version V A 98

5.16 Version V A Item Responses of Grade 8 Oak Grove Pupils 99

5.17 Proportional Reasoning Levels of Grade 8 Pupils on
Version V B 100

5.18 Version V B Responses of Grade 8 Oak Grove Pupils . . 102

5.19 Version V B Item Discrimination . . . . ...... 103

5.20 Percentage Correct on Test Versions by Grade 8 Pupils . 105

6.1 Pearson Correlation Coefficients for Tasks and Paper-
Pencil Ratings . 112

6.2 Comparison of Observed and Expected Item Difficulties . 115

6.3 Item Difficulties in Terms of Performance for ):27
Grade 8 Pupils 122

6.4 Percentage of Correct Pupil Responses in Relation to
Pupil Tested Reasoning Level 123

6.5 Item Discrimination 125

6.6 Cross Tabulation of Pupil Response and Pupil Level
for Item 19 127

6.7 Cross Tabulation Significance for Level IV Items . . 127

7



LIST OF FIGURES

FIGURE Page

I Level I Item Design and Example 67

II Level II Item Design and Example 68.

III Level III Item Design and Example 69

IV Level IV Item Design and Example 70

V Performance Index 78

VI Grade 8 Pupil Perfoilmance on Test Version III A . 84

VII Pupil Performance on Test Version IV A . 6 .. 88

VIII Pupil Performance on Test Version IV B . .. .. 94

Ix Pupil Performance on Test Version V A . . . .. .. 97

X Pupil Performance on Test Version V B 101

XI Level 1 Item Design and Example: Test Item 1 108

XII Level II Item Design and Example: Test Item 12 . 109

XIII Level III Item Design and Example: Test Item 24 110 ,

I

XIV Level IV Item Design and Example: Test Item 16 . 111

XV Average Per Cent Success of 427 Eighth Grade Pupils
at the Four Test Levels 114



APPENDIX

A Pilot Stuay Results and Calculations

B Task Interview Protocols

C Calculations of Final Test Characteristics . .

D Final Paper-Pendil Test

E Pupil Results and Test Improvements in Versions II-VI



CHAPTER 1

THE PROBLEM

Introduction

The purpose of this study was to develop.a paper-pencil

test of Piagetian levels of proportional thinking of junior high

school pupils in the context of physical science. This seemed

to be a desirable goal for several reasons:

1. The junior high pupil's proportional reasoning ability

is of special interest. The age of thirteen, as Inhelder and

Piaget (1958) showed, is the common age for transition to formal

thought levels in Proportional reasoning.

2. Present science curricula in the junior high school

include such content as density, quantitative relationships of

chemical reactions, genetic ratios and the dynamic relationships

between force, mass and acceleration. The establishment of the

level of proportional reasoning ability of a class of pupils would

provide a basis for the selection of appropriate curriculum content.

3. Instructional materials and instructional strategies

used by junior high science teachers are intended to develop, among

other outcomes, cognitive reasoning. Pre- and post-measures of

proportional reasoning levels would direct the choice and design

of appropriate materials and strategies of instruction.

1

10



2

4. Existing paper-pencil tests do not measure the level of

proportional reasoning attained by the subjects. Mathematics tests

whose subtests purport to measure competency in using ratio and

proportion do so through seeking one correct answer. The other

answers available for.selection do not have a logical basis and

make no contribution to determining the subject's level of pro-

portional reasoning in the Piagetian sense.

5. Taak interviews provide an intensive measure of a

limited Population and are important as research tools. A

typical.interview requires about 20 to 40 minutes and establishes

a proportional reasoning level for one person in one type of con-

tent. They are not, therefore, practically applicable for use

with the large numbers of pupils with whom teachers meet.

6. Experience and techniques used in designing a paper-

pencil test from task interviews in proportional reasoning should

be applicable to other such test deSign. Rigorous application of

the principles of criterion-referenced test design has not been

frequently accomplished.

Statement of the Problem

Hypothesis and Task of Study

It was hypothesized in this study that proportional

reasoning in physinal science may be measured by appropriate

criterion-referenced paper-pencil testing and that these

criterion-referenced paper-pencil tests would provide the same
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kind and amount of information that could be obtained through the

use of other modes of examination.

The task of this study was to develop a set of paper-pencil

items to assess the Piagetian proportional reasoning level of

pupils. The test to be developed should have these character-

istics: 1) Require a 30-minute testing session. 2) Allow for the

measurement of large numbers of persol:s. 3) Use items with

different science content. 4) Have the reliability offered by

several measures of the same person. 5) Require no expertise of

Lhe test .administrator. 6) Be usable as a source of information

for determining the numbers of pupils at the various proportional

reasoning levels and which imuils are at each of these levels.

Definitions

Proportions, for the purpose of this study, are "two ratios

that are equivalent" (Copeland, 197)-!-, p. 160).

Proportional reasoning levels, for the purpose of this

study, were the levels used by Inhelder and Piaget (1958). They are

listed here in ascending order of complexity, with a description

,of the kind of proportional reasoning pupils might use.

Preoperational Subject guesses or makes no ordered
connection between things which change.

Concrete I Subject compensates in some qualitative .

Operational way and may match direct ordered relations.

A < B < C < D

J < K < L

12
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Concrete II Subject uses a rule, usually addition, to
Operational calculate increase or decrease and may

order corresponding relations with inverse.

B < C

> K > L >

Formal I Subject calculates by multiplying or
Operational . using simple ratios, contrasts ratios

and can order them. 5/25> 2/25

Formal II Subject uses proportions and recognizes
Operational the appropriate proportion to be used.

A/B = C/D or A/B = C/D = E/F. Subject
will seek and refer to a general rule
linking the relationshiP.

Criterion-referenced testing, for the purpose of this

study, is a testing referenced to the criteria of the discrete

levels of proportional thinking. Item design and item selection

techniques are those of good criterion testing technique.'

Performance criteria, for the purpose of this study, is

the level of performance which identified the behavior character-

istics of a person achieving the level, a master, from a person

not achieving the level, a non-master. Potential masters and

potential non-masters were identified by reason of maturity or

measurement. Grade 11 science pupils were supposed, generally, to

be masters of formal proportional reasoning while grade 5 pupils

were supposed, generally, to be non-masters. Piaget and others in

the field suggest that most pupilc would achieve formal proportional

reasoning only after reaching age thirteen. The performance

criteria of each proportional reasoning level for task interview

performance were derived from Piaget's descriptions. Performance

13
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criteria for paper-pencil performance'were set at success on two-

thirds of the items for that level as discussed in Chapter 5.

Basic Design

This study was conducfPd in three steps or phases: an

initial trial or pilot phase, an intensive task testing phase with

40 pupils to produce an initial item design, and an extensive

paper-pencil testing phase with groups that in some cases exceeded

300 pupils from which the final item set was written.

Phase I - Pilot Study

In the pilot study the writer sought to assess whether it

might be possible to identify proportional reasoning levels in the

pupils and to measure them with paper-pencil items.

Individual interview tasks were administered to a group of

pupils and different proportional reasoning levels were discerned

among the pupils. Paper and pencil items derived from the tasks

were later administered to the same pupils. It was found to be

possible with tasks to identify the different levels of proportional

reasoning to which the pupils had developed. These proportional

reasoning levels were found to be measurable with paper-pencil

items.

Phase II - Task Interview Testing

In this phase the writer sought to measure proportional

reasoning levels of a sanple of pupils by interview.tasks and to



use this measure to validate and select an initial set of paper-

pencil items.

Forty pupils were selected by stratifying all the grade

eight pupils of a school according to their Lorge-Thorndike total

score and choosing pupils randomly within IQ score levels to

6

ensur rai proportional reasoning ability. Extensive

individual L,Lsk testing on this sample was carried out with

rigorously defined tasks. Paper-pencil items were carefully derived

from the original tasks, written to four levels of proportional

thinking, and administered to the pupils. From the results of

this paner-nencil testing an initial set of items was chosen for

use in Phase III.

Phase III - Paper-Pencil Testing

In the final phase the writer sought to produce a paper-

pencil test with an administration time of approximately 30

minutes that would measure proportional reasoning levels of

eighth grade pupils.

The initial item set was used with large populations of

grade eight pupils. The item responses were analyzed for their

ability to discriminate between proportional reasoning levels.

Items were revised or replaced and the test was administered again.

Populations of masters, senior high science pupils, and of non-

masters, grade five students, were also used. Ten versions of the

test were used. The validity and reliability of the final version

were measured.

15



CHAPTER 2

SURVEY OF RELATED RESEARCH LITERATURE

Because this stlidy was concerned with the development of an

instrument for large scale measure of proportional reasoning ability

high pupils, three typos of literature were pertinent to

the study: 1) studies of the formal stages of intellectual growth

of pupils, 2) studies of proportional thinking, and 3) studies of

measurement with criterion referenced testing.

There is general discourse concerning Piaget's research

and there are scholarly statements of explanation like those of

Darley and Anderson (1951), Jensen (1973), Wood (1974), Beistel

(1975), Herron (1975), &tie. Mallon 16) where postulates, guide-

lines and suggested instructional z Aegies are proposed for

general science teaching and where tsle problems of proportional

reasoning are discussed. Such disco,rse and statements are not

reviewed in this chapter because of their lack. of research infor-

mation. Expert statements and procedural recommendations in the

literature on criterion testing are reviewed because of their

interest to criterion test design.

Proportional thinking was eilssified by Inhelder and

Piaget (1958) as a formal operational level ability.' The studies

of formal operational stages are thus of concern. A proportion

is defined by Mandell (1974) as "a statement of equality of two

7
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ratios." Studies of pupil operations with ratios as well as with

proportions are reviewed. A criterion-referenced test as viewed

by Glaser and Nitko (1971) is a test that is deliberately con-

structed to yield measurements that are interpreted in terms of

performance standards. Criterion-referenced testing is concerned

with the measurement of individual and group performance in

relation. .1p to established criteria. Professional statements and

studies here dealing with the design of criterion-referenced tests

are important to the study.

Studies of Formal Operations

.igia Studies

2he description of formal operational thought originated

W.= .7'IaSet (1926). Specific attention to proportional reasoning

appemr,ipi later.

In The Growth of Logical Thinking, Inhelder and Piaget

..iescribed the study of intellectual stages of growth of

,lz?Ts,Jns from five to fifteen years in age. The subjects were

:-7,taividually given task intervirm. Fifteen such separate

ations were conducted. Itacernible levels of concrete and

ftrmal thought were reported fir each investigation. Piaget

j(;7'2 ) aoted that individuals performing different tasks do exhibit

diffe levels of thought. He suggested that the formal

oi7.1.1n tasks should be such that for subjects the situations

sh c:7 involve equal aptitudes or compatlable interests.

17
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Piaget and Inhelder (1969) identified the emergence of

proportional reasoning with the ages of eleven or twelve. Piaget

(1972) described the formal stage as being related to verbal

capacities and characterized the formal stage as a stage where the

capacity to reason in terms of verbally_stated hypothesis appeared.

Piaget (1972) described the stages as resulting in a certain number

of overall Structures which became necessary with development. An

important problem he noted was the time lag between solution of

problems in different areas. He reported that at certain ages-

changing the material or situation used in testing gave different

test resultE,. Piaget (1964) identified maturation, experience,

social tre-mmission and eauilibration as factors which explain the

person's development from one set of structures to another. Such

development he saw as interaction with things. Knowing an Object

meant acting on it, modifying it and transforming it. It also

involves interaction with thought. This thought interaction is

the essence of equilibration. Smeslund (1964) explained that the

difference between learning and equilibration is the difference

between the interaction of thought with things and the interaction

of thought with itself.

In summary, Piaget and his colleagues identified a formal

stage of proportional reasoning ability emerging in early adoles-

cence. This stage should be discernible in the child's ability to

deal with spatial proportions, inertial speeds, probabilities and

related concepts in a verbal manner. Performance of the early

1 8
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adolescent in proportional reasoning should depend upon the content

of the problem and the child's experience.

Replications of Original Studies

Lovell (1961) repeated ten of the experiments described by

Inhelder and Piaget (1958) with 200 British pupils between the ages

of eight and eighteen. Lovell found that his reLiult L.onfirr2d the

main stages in the development of logical thinking proposed by

Inhelder and Piaget. Lovell suggested that few junior high pupils

reach tile level of formal thought. He reported that the least able

students remain at a low level of thought. Some fifteen-year-olds

were found not to be at the first level of formal thought.

Elkind (1961, 1962) used junior high, senior high and

college pupils respectively in a series of'replication task inter-

views in the conservation of volume, mass and density. Pakind

confirmed Piaget's finding of a regular age-related order in the

conservation of mass, weight and volume, but did not agree on

acquisition of an abstract concept of volume by eleven- or twelve-

year-olds. He found only about 60 per cent of college freshmen

tested believed that the volume of a ball of clay remained constant

when the clay was rolled out into a sausage form.

Jackson (1965) studied logical thiaking in normal and

subnormal children. He used six of the experiments of Inhelder

and Piaget with 48 British children with an IQ range 90 to 100, and

40 British children with an IQ range 60 to 80. Jackson reported

1 9
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that the subnormal children showed only limited increase in

intellectual development beyond age nine, while the normal ones

displayed levels of thinking which generally confirmed the age

level statements of Piaget.

, DeVries (1973b) Piu6w-1-41I to compare the per-

formance of children classed as bright, average and retarded. She

asked two questions: with children of the same chronological age,

do higher IQ children perform better and with children .of the same

mental age, do higher IQ pupils perform better? She reasoned that

if the answer to both questions is yes, then Piaget tasks measure

some type of intelligence. In the results, higher IQ pupils out-

performed others of the same chronological age but older children

(lower IQ) outperformed others of the same mental age.

Dale (1970) replicatcl Inhelder and Piaget's first

chemistry exreriments using 200 Australian children from six to

sixteen years old. His findings did support the basic structure

of Piaget's theory of development of logical thinking with age and

more specifically, the development of combinatorial thinking with

age.

^

Towler and Wheatley (1971) replicated Piaget and Elkind

conservation tasks with college pupils. In the 71 female subjects

studied at Purdue University, Towler and Wheatley found nearly

identical, 61 per cent versus 58 per cent, acceptable responses.

Holloway (1967) reported that the child's conception of

geometry was realted to his/her inhellectual development level. He

2 0
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noted that at the formal operational stage the logic principle

A = B, B = C therefore A = C appears.

Keasy (19r' studied formal op -nttonni th-ilking using

three age groups: sixth grade girls, college women and fifty-year-

old women. Five of the experiments described by Inhelder and

Piaget (1958) were used. ReEmilts showed the girls to be at the

lowest level, fifty-year-old_ women were intermediate and the

college women at the top. Consistency between age groups was

reported. Very few attained the formal operational level.

Bart (1971), Lovell and Butterworth (1966), and Lovell and

Shields (1967), using Piaget tasks, substantiated that formal

operational skills have a large general factor. All researchers

used a principal commonents analysis to analyze the task performance

of pupils. Bart, in his study, administered four Piagetian formal

thought tests, three formal operational reasoning tests and a test

of verbal intelligence to 90 scholastically above average pupils.

He also established that formal thought, as measured by Piaget's

tasks, has a slibstantial verbal intelligence component as well as

a nonverbal intelligence component.

McKinnon and Renner (1971), using adaptations of Piaget

tasks, found that 50 per cent of college freshmen tested were

functioning completely at Piaget's concrete operational level and

only 25 per cent of their sample cotad be considered fully formal

in their thought.

21
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,very replication s ited.supporteu Piaget's model of

an ordinal .iequence of development. Genc.rally, replication study

results showed the stages of development came at later ages than

those reported by Piaget and Inhelder. This dbservation was also

that of Howe (1974) who reviewed the literature to determine the

extent of evidence to support the concept of formal thought. She

found the bulk of the evidence seemed to support that there is a

qualitative change in cognitive structure or reasoning ability

beyond the level of concrete operations, no dependence on the use

of all the binary operations of propositional logic in the new

structure and more than one process involved in the development of

logical thinking beyond the concrete level.

Related Studies

Studies reported here, are related to Piaget's work with

formal operationalithought. However, these studies are different

in that they used different techniques for measurement, used .

batteries of several tasks or investigated relationships between

task performance and other pupil characteristics. The general

studies of cognitive development which were reviewed produced

results the= confirmed Piaget levels of development with different

testing techniques. Linn and Thier (1975) used a filmed testing

sequence to measure logical thinking.

Open questioning was the strategy vimPd by Laurendeau and

Pinard (1962). In such questioning, the warding of the question

was changed when necessary using terms more familiar to the child,

22



but with care never to suggest more than was included in the

instructions.

Karplus and Karplus (1970) used a group presentation with

elementary school pupils, junior high school pupils, senior high

school pupi16, science teachers and physicists of an Islands

Puzzle and including introduction of new topics in concrete terms,

pupil evaluation of an unsatisfactory hypothesis and creation of

discrepant events, requiring reasoning by contradiction. This

strategy could be described as midway between the individual task

and the group paper-pencil tests. An oral description of the task

was given. The subjects responded in writing.

Batteries of Tasks

Theuse of batteries of several tasks showed that different

tasks gave different results (Osiki, 1974; D. R. Phillips, 1974;

Ksrplus, Karplus and Wollman, 1974; Lawson, Nordland and DeVito,

1975). High correlations between tasks were rarely reported.

Lawson, Nordland and DeVito (1975) found intercorrelations ranging

from .02 to .55. .A1mY (1970) reported .32 as the highest inter-

correlation among a set of tasks. The composite score of such a

set of tasks was seen as the best predictor by Sayre and Ball (1975)

and Lawson, Nordland and DeVito (1975). In some cases one or two

of the tasks alone were found to.be better predictors than the entire

battery (Lawson and Renner, 1975).

Wohlwill (1960) used a scalogram analysis of Green (1956)

to determine the scalability and homogeneity of a set of measured

tasks. He determined that tasks had varying difficulties.

23
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Correlational Studies

The studies of Wohlwill (1960), Osiki (1974), D. R. Phillips

(1974), Lawson, et al. (1975) and Sayre and Ball (1975) previously

described as studies using task batteries were also invest:zecions

of the relationships between task performance and other pupil

characteristics.

Ball and Sayre (1972) investigated the relationship between

pupil Piagetian cognitive development and achievement in science.

They contrasted the grades 419 science pupils received with their

level of cognitive development as measured by five abstract

and concluded that pupils are being penalized, by receiving lower

grades, for not being able to think at the formal operational level.

Higgins and Gaite (1971) studied adolescent mode of thinking

on Elkind (1961) conservation tasks in contrast with thinking on a

task simulating a familiar real life situation. They found that in

the 162 pupils, ages thirteen,to eighteen, successfUl completion of

the conservation tasks and the situation task were independent. A

significant 'Positive correlation was established between the mean

age of the group and the number who used abstract thinking. No

significant positive correlation was found between mean age and

successful completion of the Elkind task.

Raven (1972), in a study of concept development in 160

kindergarten, grade one, grade two and grade three pupils, found

that task performance was dependent upon the: 1) inference pattern

of the task, 2) goal objects of the task, and 3) percepts of the

task.

2 4
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The generalization that Piagetian cognitive level is

positively related to achievement was supported by correlational

studies. Concrete and formal levels as measured by tasks correlated

with the abstract performance level in tests of dogmatism (D. G.

Phillips, 1974), achievement in science (Ball and Sayre, 1972;

Bridgham, 1969; Sayre and Ball, 1975), achievement on commonly

used achievement examinations (Lawson, Wordland and DeVito, 1975;

Osiki, 1974), learning of formal concepts in science (Lawson, 1973).

Developmental Studies

A developmental sequence of levels and their scalability

was established directly by wobiwill (1960) who used a scalogram

analysis to analyze a set of measured tasks. Studies not utilizing

Piaget tasks or adautations,of them have also supported the

developmental sequence of levels postulated by Piaget. Nisbet

(1964) reported that those adolescents in England who had attained

puberty scored higher on intellectual and academic achievement

tests than those youngsters who were still at the puberty stage of

development. Carpenter, et al. (1975a) reported that in the

National Assessment of Educational Progress only 44 per cent of

, nine-year-olds correctly identified that a 2x8 rectangle had the

same area as a 4x4 square. Almost as many of them chose a 3x5

rectangle as having the area of the 2x8 rectangle. It would appear

that proportional reasoning was required here and that the reported

success is comparable to that found by researchers investigating

proportional reasoning. Meyers (1970) illustrated in a collection
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of questions showing the nature of the math content of the SAT

test, that an item dealing with proportional measurement would be

answered correctly by 32 per cent of the population taking that
-

test. Reichard. Scheiden and Rapaport (1944), using sorting tasks

that -were not those of Piaget, found three levels of development.

At the most concrete level, up to five or six years, children

classified objects on the basis of nonessential incidental features.

A functional level, where classification was made on the basis of

use, extended to the age of eight, and the abstract level was not

much used before the age of ten.

Kohlberg and Gilligan (1971), in describing their obser-

vations of the moral development of adolescents, suggested that in

moral development one stage of formal operations is reached at age

ten to thirteen years and the more complete stage at around fifteen

to sixteen.

Studies of Proportional Thinking

Original Studies

A special concern of this study was the nature of

proportional thinking as one attribute of the formal operational

level of thought.

Proportional thinking was described as one attribute of the

formal operational level of cognitive development by Inhelder and

Piaget (1958). Their task interviews to test proportional thinking

included the simple balance, a cart on an inclined plane, the

2 6
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projection of shadows and a spinning disc testing centripetal

force. They commented that they mere able to repeatedly observe

that proportional reasoning was not acquired until pupils were at

the formal operational level of cognitive development.

Proportional reasoning had been investigated by Piaget

previously in the areas of space, speed and probability in which

it was concluded that the age for such proportional reasoning and

for formal operational thought was twelve to fourteen years.

Replication of Original Studies

A collection of research studies replicated the original

research of Piaget in proportional reasoning. These,studies

affirmed the existence of stages and the scalability of proportional

r6asoning tasks, described the schema of proportional reasoning,

tested new measurement approaches and explored correlations between

proportional reasoning and other pupil characteristics. The studies

generally found proportional reasoning being acquired at older ages

than Piaget reported.

Lunzer and Pumfrey (1966) used tasks they designed

involving such things as matching lengths of cuisenaire rods,

pantograph, beam balance and similarity judgments of objects. They

reported that they found that proportional reasoning, unaccompanied

by physical actions was rarely used by average subjects below the

age of fifteen and that younger children solved some of the tasks

by successive addition.

2 7
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Wollman and Karplus (1974) investigated intellectual

development beyond elementary school, with 450 seventh and eighth

grade pupils in Orinda, California. They studied children's use
-

of ratio in solving beam balance, proportional length, proportionate

size of shadows and pulley turning rate tasks. All tasks were

designed by the authors. They concluded that to test proportional

thinking, tasks would have to be devised that would apply the

ratio concept in familiar situations.

As reported by Steffe and Parr (1968), Lunzer (1965)

studied the relationships of developmental thinking with logical

proportion (verbal analogies) and with mathematical proportion

(metric equivalent ratio pairs). Lunzer's measurements of the

difficulties of these two types of tasks for subjects from nine to

seventeen years confirmed that numerical proportions and verbal

analogies did require formal level thinking.

Steffe and Parr (1968) studied the development of the con-

cepts of ratio and fraction in fourth, fifth, and sixth grades of

elementary school. IQ measures were used to designate a high,

middle and low group of pupils at each grade. An ability-

stratified sample of pupils was chosen. Six paper-pencil tests

were used, four on a pictorial level and two on a symbolic level.

They reported that there was little correlation between the ability

of children to perform successfully in proportionality situations

at a symbolic level such as 6/15 = C3/5, and their ability to per-

form successfully on proportionality situations based on ratio or

28
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fractional pictorial data. Also, whenever the pictorial data,

which displayed the proportionalities, were not conducive to

solution by visual inspection, the proportionalities were difficult

for fourth, fifth, and sixth grade children to solve.

She-Pler (1969) studied teachability of probability under-

standings. The subjects were pupils chosen from a population of

67 sixth grade pupils. All were volunteers and were above average

ability. In a pretest task post test approach they did acquire

probability concepts.
1

Hensley (1974) studied proportional thinking in children

from grades six through twelve. Fifteen female and fifteen male

pupils from each of the sixth, eighth, tenth and twelfth grades

were tested with four tasks: beads, inclined plane, switches, pro-

jection of shadows. Hensley's results generally support the

findings of Piaget. He reported a scalability of levels of pro-

portional thinking, a positive relationship between grade level

and task scores. No relationship was found, however, between sex

and task scores. No correation between tasks were calculated. No

validity or reliability measures of tasks were reported.

Kavanaugh (1974) generally confirmed the theories of Piaget

in the development of the concept of speed in children. He used

five Piaget type tasks ani. determined the hierarchy among subcon-

cepts of the concept of speed. Thirty-six pupils, each from grades

six, seven and eight, participated. The average age of formal

operational thought of the sanple was thirteen years and four

2 9



months, A re1ations11:11p bet-:reen I(1=2.rformance on the tL-24s

1;72s establi.

Carpente.7.:. al. (1_975b) identified two areas of pupil

.ifficulties in tmE--:- National Assessmer of Mathematics which may

:elate to proportional reasoning. -H ,loorted that the concept of

fraction was shown to be difficult t;. lgaie-r.sta=_ and use. A

consumer problem =hat would be solve:: with proportional reasonin,7,

was correctly amm-wered by fewer than 40 per cent of the seventeen-

year-olds or young adults.

Raven (1974) reported research studies he and his pupils

had performed over the past seven years concerned with facilitating

logical operations in elementary school and junior high school

children. He saw the period of formal operations occurring between

the eleventh and fourteenth years and proportional thinking,

probability thinking, and correlational operations.appearing during

this stage.

Holloway (1967) reported that pupils at the formal

operations level were able to double an area and that a transitional

age for this was about twelve years.

Novak (1974), in a review of science education research of

1972, summarized cognitive development research as supporting

Piaget's theory. He further saw the general need for established

validity in tests that were being used and overall the need of

setting research in appropriate learning theory.



'components of Proporoacr_l Reasoning

---obing into the nature oi Droportional reas=ing, Lovell

rworth (1966) made a prin...ipal component fdctor analysis

or a cf twenty tasks as performed by 60 pupils of average to

age ability, from nine to fifteen years old. They fotT----7

:theme of proportions de7onds on some centre:. intellecti7e

,tich is behind performance on all tasks involving pro-

yet specific abilities contribute to the ability to use

7nality in particular tasks. Also, tasks involving ratfz

d Less on the control intellective ability than tasks involving

m: :7'7z:on. Further, they stated this proportional reasoning

abEL: was found to appear at fourteen years of age in same pubils,

whf..2-7 t even fifteen years of age some 50 per cent of the sample

mig 7not use proportional reasoning.

m2tis distinction between ratio and proportion was further

co11-,------nted by the results of the Minnesota State Assessment of

Mathe==.2s. In the Minnesota Assessment of Statewide Performance

in Aathematics, no objective specifically dealt with proportional

reasoning yet as reported by Adams, et al. (1975). Two items testing

proportion 11113 and IIJ1 state per cent correct was respectively

16.1 , ,H 21.2, while an item involving ratio, VB-1, was

answered correctly by 61.2 Der cent.

1,,raing Theory Implications of Some Studies

Lovell (1970) described two types of proportion, metric

prop=rtions involving the recognition of the equivalence to two
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ratios and the schema of proportions Sal:c/- as thei.,11 capacity.

This schema of proportions involves se:...7.onc, order .aperations, which

are operations on operations. Nargena (L950) saw something like

these levels of complexity of Lovell's. f=genau postulated that

concepts of physical reality should be T1,,==ified by the method

through which they are attained and the t...=ance they are removed

from reality.

Rosskapf, et al. (1970), as a re=11.t of observations, stated

that the Piagetian proportionality schema is a general structure of

actions or operations that can be applied to analogous situations.

This suggests a general knowing with some different performances

depending upon content but not proficiency in one and zero in

another.

Renner and Lawson (1973), in reflecting on Vieir research,

suggested that mental structures represent a more or less highly

organized mental system to guide behavior. Structures, in their ,

understanding, actually represent our knowledge.

Studies Uting Group and Paper-Pencil Tests

A collection of research by Robert Earplus and his

colleagues has been based on group tests of -Drpportional reasoning.

Included in this collection is a survey (Kern:Las =Id Peterson, 1970),

a longitudinal study (Karplus and Karplus, 1972), an investigation

of cognitive style (Karplus, Karplus and Wollman, 1974), and a

study of the use of ratio in differing tasks (Wo--1-=.11 and Karplus,

1974).
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ez.- case, -"'ects in classroom -lps were given pages

with informat_:n and questions by one of tn.:, .:7_77;hors or a try:tried

assistant. Th -,. expe=manter explained eacla proJlem and carried out

some demonstrations somim-asurements. The ouestions asked for some

answer and a reason for the answer. SUbject's answers were

categorized according to these previously designed categories

(Karplus and Peterson, 1970, pp. 814-815).

The survey involved 116 fourth and fifth grade suburban

pupils, 82 suburban sixth grade pupils, 9, sixth grade pupils,

75 eight to tenth grade suburban pupils, 123 elt to tenth grade

urban munils and 153 eleventh and twelfth graci suburban pupils.

The survey results (Kerolus and Peterson, 2970) sthowed that the

older urban and suburban groups were better able to solve the ratio

problem than their younger colleagues.

Interpreted in terms of Piaget levels, measured performance

for 75 eighth to tenth grade pupils was Preoperational, 15 mer cent;

Concrete Operational, 4a per cent; Formal Operational, 36 per cent.

These group results sul=tantially compare with those remolIfor

task measures.

In th longituddmal study, Karplus and Karplus (1572) studied

the growth of proportirmpl reasoning of a group of 155 zn-nth,

eighth and e1z.vd.1.1h graae suburban pupils aver two yearz of time.

About one-third of the --pils showed nia charae in level. The

changes that did occur confirmed the hierarany of proportional

reasoning ability as measured by the group test.

3 3
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The 3ev---.1rth grade in the school had three instructional

groups: "slov," 'average" and "fast_" The three groups performed

very differenzll when measured in eighth grade. The pupils of the

"slow" group=e virtnnlly no progress. In the "fase group only

three pupils-77-Iiied to reach the Piaget Formal Reasoning Level.

The pupils in-e "average" group made some progress, but nothina

as dramatic az that of the "fast" group.

Karpluz: Karplus and Wollmnn (197)-i.) stlidied cognitive style

in the Personal preference of persons for procedures for solving

ratio and proportion problems.

Two forms of ratio tasks were administered to 616 pumils in

grades four thmough nine. Results suggested that personswho do:mot

use proportiorm, reasoning will use strategies that.are suggested

by-the task's presentation. Specifically, when a task involved .

arisc= of two viewed objects, the subject without Proportimnal

rensonin* en qualitatively compared:the two in a manner involving

Eltan a task involved one object and numerical data for

=0=ppri47nn, the subject without proportional reasoning often useL.

ie additive,iproach toward solution.

The =tfo value itself might have had an effect. The

ratio: sf 3/2, 1,---'4.ch lies between.one and two, tended to increase

tme percentage additive responses. A ratio of 2/1 prompted

proportional inmtead of additive reasoning, a ratio of 5/2 caused

some pupils to-mse approximate ratios of two or three, or became

confused.

3 4
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Whether the task itself affects the level of proPortional

reasoning, wa-I t11. subject of Wollman and Karplus' (1974) latest

study. TAey tnveztigated the 1-esponses of 450 seventh and eighth

grade pul.-2,1s t i= problems ttet requLred proportional reasoning

and represente differing degrees of concreteness. The study

suggested that -Troportional reasoning level was dependent on the

content of the task and the type of ratio or proportion involved.

In t study paper-zoencil items were used. A contrast of

paper-peozil Trri group interview results demonstrated that group

and pater-pen=1.1 tests gave substantially the same results.

Grant and Renner (.1975) explored the use of written state-

ments cf explanation for multiple choice item responses as a means

cf idal=ifying different levels of msoning ability. Pupils, from

three dff,--aent biology sections at one large Oklahoma City area

high sc.: were asked to resloond t a twenty-minut mottnle

cholce tc=41-, and givn a written exp1=t-i,-,71 for select =E. eadh

a-.1:1er. 7:he same pupils were adminiutemedtine separation of

Piaget task. Results from-the study were aowlymed through

ch-squere technique and levels of sis,'-ficance were x=viewed.

Good agreement between task and written measures were established.

Studies and Precepts ol Criter4-1-1-Refertftced Testing

Measurement with mmiterion-referemned testin7- Is a cam-

oaratively new_npproach in research- A concern of . study is

to demonstrate an exemplary approach:to criterionmeferenced test
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design. Literature, that contained precepts for good test con-

struction az well as studies of test construction, item design and

appropriate statistics as well as examples of criterion-referenced

and other oaper-pencil test design, was sought to be included in

the review.

OriginaL 'Studies

=ests, dealing specifically with proportional reasoning at

the level of junior high, were not numermus in published test

collect:3:1s. Within thE -0 citations a.cdlable in May of 1974 for

mathemattcs tests, grade .7even and: amove test collection of

Educaticaa-1_:47sting Ser7ime, no str---- team was found. Some sub-

tests contain propottiomi: reasoning nents. In the Content

Evaluation Ilathzmatics Test iI by Gilbert Ulness c1969,

grades sevcq througm nimE, Houghton Mifflin, there is a subtest on

ratio. an m-Inn Iowa Te= zf Basin 51-ii-1,7 Levels Edition Forms 5

and 6 by ..,.. El. Hieronymus, n1971, gradeE three through eight,

Houghton Mifflin, there is a subtest, ra.:.io and proportion. Ratio

and prcmnrtton is ome of same twenty topics of the McGraw-Hill

Basil z-3ysm. Matmezics Test 13:- Alton L. Raygor, c1970,

grades =Ieven though ureen, (1113/-Lml=w-Hi11; no subscores on

ratio and proportion ame available.

Prob14-am con=mrg ratio am troportion is one-of eight

topics of emphasis in th,-Mathematics Inventory III Basic Skills

of Problem Solving, c197: grades f-711- mhrough twelve, American

Test47E: Company, but-no.subscores are-available.
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Test items in ratio and proportion, when available, ask for

a single correct answer and do not identify the subject's reason

for a response. No items or subtests relate the score obtained to

a subject's proportional reasoning level.

Test Design

Glaser (1963) saw achievement test scores as offering

primarily two kinds of information. One, the degree to which the

pupil has attained criterion performance. Two, the relative

ordering of individuals with respect to test performance.

Criterion-referenced tests were seen as having an absolute

standard and providing explicit information on what individuals

can do independent of the performance of others. Norm-referenced

tests were seen as having a relative standard in comparison to

others and providing no information on the degree of proficiency

of an individual. They further differ in their construction in

that items within criterion-referenced tests would have similar

difficulties while items within norm-referenced tests would have

items with a range of difficulties.

Hieronymus (1971) equated criterion-referenced tests with

mastery tests and saw their contribution in the monitoring and

assessment of instructional strategies and outcomes.

Ebel (1971) saw major limitations of criterion-referenced

testing, the fact that as such tests do not tell us all we need to

know about achievement, are difficult to develop on any sound basis
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and are only possible for a small fraätion of important educational

achievements.

Task Testing Concerns

Chittenden (1974) saw task testing as requiring open ended,

exploratory questioning. He felt that questioning children

according to the instructions of a stand_ard. protocol would force

the observer to conclude that they were, by and large, able to

conserve. Using a flexible, exploratory method, he fomnd it was

easY- to probe to find the children were preoperational.

Flavell (1963) saw the need to allow the pupil to identify

or select reasons or rationales rather than give totally their

exolanation.

Item Collections and Scoring

Fremer (1972) suggested that the judgment of achievement

of mastery be based on achievement of a proportion of some group of

items tied to a single objective. The sampling error associated

wlth the selection of only a single exercise would pose serious

problems of interprete,ion.

Fremer's-(1972) statement in generating cutting scores was

to use an operational approach. Ratings and scores would be

collected for a sample of studies. That level of test performance

which best discriminates among pupils judged to be above or below

the minimal competency level would be sought. A cutting sbore on

the test could be selected that mould lend to the most correct

classification in the sample.

38



30

Easley (1974) found a conflict between the drive for

protocol uniformity to produce reliability and the need for

flexibility to allow the necessary depth for probing. He felt

that the quest for reliability, which results in rigid formats, is

doomed to generate many errors in the identification of cognitive

structures because it lacks the flexibility needed for probing.

Rowell and Hoffman (1975) stated that a group measure was

needed. The individually administered tests developed by Inhelder

and Piaget (1958) were viewed as prohibitively time consuming for

use in the normal classroom situation. They saw that a group test,

easily administered, readily marked, and yet retaining as many as

possible of the attributes of the original Piagetian tasks was

needed. They tested 193 pupils with a group chemistry task and

189 pupils with a group pendulum task.

No validation was made of the group task with individual

tasks; no reliability was measured. The product moment correlation

coefficient between the group measures vas reported as r = .56.

Studies, which involved the use of more than one task

(Lunzer and Pumfrey, 1966; Hensley, 1974), reported different

performances for the different tasks. Some tasks were easier than

other tasks and correlations between tasks when reported were in

the range .25 to .42.

D. R. Phillips (1974) identified these common errors and

misapplications of Piaget found in the literature: 1) training

studies in which children are taught verbal responses to specific
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tasks, 2) interviewing techniques in. which the investigator does

not ask. .the child for reasons for his choices and 3) scoring

criteria for reasons, when asked, that do not incorporate

reve -Ihflity or logical necessity.

Zoodyear and Renner (1975)1in a preliminary study of

reasoms -pupils gave for multiple choice item responses, found

,71lessing-to be the highest category after thought that they knew

-me right answer. Also overall 21.8 per cent of those having wong

p-mwers thought they were able to justify. them. The authors from

7.1-lis indication of probable partial knowledge suggested that a

ta:st involving pupil reasons for answers would be usefUl.

Written Tasks

Karplus and Earplus (1974) discussed interview versus

written tests. They saw the pupil's school work as more closely

c-imilar to the written task situation than to the clinical

interview.

Studies Employing Criterion-Referenced Testing

DeAvilla and Struthers (1967) developed a group measure of

pupil level with subtests in conservation, causality, relations

and logic. A cartoon format based on thirty or so situations from

Plaget experiments was used. Test quality was described in terms

of homogeneity ratios and reliability coefficients. Tests resulting

had limited homogeneity and good reliability. The reliability

values, Cronbach's A2pha (1951), were conservation, ,694; causality,

.550; relations, .001; logic, .227; total test, .717.

4 0
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The domain referenced assessment of Hively, PattersOn and

Page (1968) is a process of generating items out of a matrix or

grid expressing the contents and behaviors to assess with the

assumption that all relevant contents, behaviors and related

factors can be defined from a domain or a universe of objectives.

Basic item shells would next be constructed to generate items to

meet the prespecified criteria. Such prescribed procedures were

followed by Bart (1972) and Gray (1970) where items originated from

item shell descriptions for their stem and distractors.

DeVries (19738.1 through factor analysis, probed the

relationships among Piagetian, achievement and intellectual assess-

ments. She concluded that Piagetian measures represent some

aspects of intelligence and achievement which are not included in

stanci8rdized assessments. DeVries (1973b) further reported that

psychometric tests and Piagetian tasks seem to reflect two

different kinds of intelligence.

Robertson and Richardson (1975) studied the problem of

whether the conservation of a derived quantity in physics is de-

pendent upon the conservation of constituent fundamental

quantities. A random sample of 25 boys and 25 girls from each of

grades seven through ten were participants in the study. This

sample stratified for age and sex represented 25 per cent of the

pupils in a coeducational high school in an outer Sydney area.

Testing was done using a procedure where the materials and

operations were demonstrated clearly to the pupils. A question
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which was printed on the question paper was repeated. The stibjects

were required to indicate their response on the paper:by circling

yes or no. Reliability of the testing was established through

test and retest of a random sample drawn from grades seven and

eight, individually and group processes were saitable. Testing was

completed in two days. Chi-square analysis was applied to identigy

significant change. ,The writer established:that conservation of

constituent fundamental quantities was a determinant in conservation

of a derived quantity.

McLeod, Birkheimer, Fyffe and Robison (1975) accomplished

the development of a collection of criterion validated test items

to measure the science processes of controlling variables inter-

preting data, formulating hypothesis and defining operationally.

The development proceeded from writing a collection of face

validated items which were administered to 56 individual competency

measured pupils.

Pearson product moment correlation coefficients between

scores on the individual criterion measures and scores on the

selected group test items ranged from .535 to .705.and all

correlations were significant at the .001 level.

An attempt was made to develop and validate a Piagetian-

based written test with successful-use of the logic of specific

Piagetian tasks defined as the criterionby Gray (1970). Ninety-

six randomly selected nine- to sixteen-year-olds, stratified by

age, were individually presented the Piagetian tasks of pendulum,
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balance, and combinations and group administered a thirty-six item

logically equivalent written test. Results indicated that a

criterion-referenced approach to constructing a Piagetian-based

written test of cognitive development is possible and that the

average age of change from concrete to formal operations is

consistent with previous research.

Analysis Techniques of Validity and Reliability.

Lawson and Renner (1975) developed content based reasoning

level tests. Face validity was established by six prominent science

educators with competence in science and experience in Piagetian

theory. Examinations were content validated by the classroom

teachers in the respective subject matter areas. Reliability of

each subject matter examination was determined by using the

Spearman-Brown split half correlation technique. The reliabilities
.....

were: biology exam, 0.76; chemistry exam, rH = 0.71; physics exam,

rH = 0.9. However, test items had no described theoretical basis

or construct validity.

Glaser and Nitko (1971) suggested that criterion-referenced

tests may not directly employ classical measures of reliability

since many of the item and test statistics employed with norm-

referenced tests are dependent on the observed variance of the

total test scores. Criterion-referenced tests are expected to

have little variance in total test scores.

Hambleton and Novick (1972), in reviewing the definitions

for criterion-referenced tests of Glaser and Nitko, Harris,



35

Steward, Bormuth, and Hively, Patterson and Page, stated that

common to criterion-referenced tests is the definition of a well

specified content domain and the development of procedures for

generating appropriate samples of test itemz. Criterion-referenced

tests may often be,multidimensional while made up of unidimensional

subscales.

Carlier (1970) suggested that the reliability of a single

form of a criterion-referenced device could be estimated by

administering it to two comparable groups. The percentage that

met the.criteria in one group could be compared to the percentage

that met the criterion in the other group. He further suggested

that the reliability of a criterion-referenced test should be

assesscdby comparing the percentage of examinees achieving the

criterion on parallel tests.

zeiky (1974) described a reliability index az an indication

of the consistency or stability of a test score. A reliability

index, in his description, technically indicates what percentage of

the score variance is true score variance.

Livingston (1972) proposed a measure for criterion-referenced

test reliability which includes a special case, norm-referenced

reliability. Livingston reasoned that the basic difference between

norm-referenced and criterion-referenced measurements is that when

using norm-referenced measures, one wants to know hOw far a

pupil's score deviates from the group mean and when using

criterion-referenced measures one wants to know how far his score
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deviates from a fixed standard. Therefore, each concept based on

deviations from the mean score should be replaced by a corresponding

concept based on deviations from the criterion score.

Harris (1972) dbjected to the Livingston coefficients

because it appeared identical to a conventional reliability

coefficient, when that coefficient was based on two populations

with means equally distant above and below the criterion score.

Livingston replied to this objection emphasizing that criterion-

referenced test score interpretations do not require that the

criterion score be seen as a an of score distribution.

Atest-retest approach to criterion-referenced test

reliability was the suggestion of Zeiky (1974). The percentage of

cases that shift classification, between successive administrations

of the same test or between parallel terms, would be the measure.

Content validity of a criterion-referenced test must be

high. Popham and Husek (1969), Kriewall (1969), Carver (1970) and

HaMbleton and Novick (1972) all state this in aome way. Popham and

Husek saw this as the primary measure of validity.

Zeiky (1974) discussed the methods of cutting scores.

Among these he included the method of empirically using preselected

groups which within a school system, particularly at the elementary

years, could be the grade levels. Masters could be those pupils

who have taken a course or by age have had the experience. Non-

masters would be from some lower grade. The criterion-referenced

test would be administered to both groups and the distribution of
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scores obtained. A cutting score then would be selected that best

discriminated between the two groups. This idea of cutting scores

and empirical examination of levels gives direction to the

examination and design of a developmental level test.

Zeiky (1974) applied the ideas of classical test theory to

criterion-referenced tests. He felt it should. be possible to apply

traditional methods if score variance is "built-in" by selecting

two pretest samples known by independent nmans to be split evenly

above and below mastery level and pooling them into one group.

Woodson (1974) had similmr views and ctar,d that for

critericn-referenced tests, item analysis -;11m.d. test development must

be done on dbservations representative of tie observations within

the range of interest on the characteristic cf interest that is

above and below the criterion level.

Zeiky (1974), Kriewall (1969) and Ivens (1970) saw that

item difficulty measures can be used to improve a set of intended

homogeneous items. Ivens suggested that any one of a set of homo-

geneous items that has a difficulty widely discrepant from others

in the set should be treated with caution.

Zeiky summarized the recommendations concerning item

discrimination indices use of Popham and Husek (1969) and Nitko

and Hsu (1974) that one should consider score variance as well as

the index. If normal discrimination indices are low because score

variance is low, there is no prdblem. If score variance exists in

reasonable amounts and item discrimination is still low, there is



likely to be a problem. If discrimination indices are negative,

there is definitely a prdblem which should be corrected. An index

of item quality was suggested by Besel (1973) based on estimates of

the prdbability that a "non-master" will answer an item correctly;

the probability that a "master" will have an item wrong. The index

identifies with high indices those items with the most information

for dividing pupils into masters and non-masters. Estimates of the

imaex can be obtained by administering theitem to graups known by

indepe=dent means to consist of_ non-masters and mastezs

respec=ively.
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CHAPTER 3

PHASE I - THE PILOT STUDY

Phase I of this study was a probe into the nature of

proportionn1 reasoning levels and a trial of the possibility of

measuring-proportional reasoning levels with a paper-pencil test.

Setting

School Site

The pilot study was conducted in Penn Junior High School

in Bloomington, Minnesota. The city of Bloomington had three

junior high schools. Penn Junior High School pupils ranked the

highest of all junior high schools in the mean composite score on

the Iowa Tests of Basic Skills. With regard to socioeconomic

status, Penn Junior High School ranked second among the three

junior high schools.

Penn Junior High School was chosen because of the interest'

and cooperation of their science teaching staff. The writer had

worked with this staff to review their goals for science teaching.

The study had its origin in questions this group had about the

problems their eighth grade pupils were having while using

proportions in physical science.



Pupils

Classes of two of the four grade eight physical science

teachers were used by the writer in conducting Piagetian task

interviews with pupils. The teachers of these classes pointed out

pupils with low and with high class performances so that the writer

might select pupils with some range of ability. The pupils in the

sample had completed some three months of the half-year course at

the time of task interviewing and had completed all of the course

at the time of paper-pencil testing.

Basic Design

Initial Study

The writer had tested four grade eight mathematics classes

with the Mr. Tral and Mr. Short ratio problem (Karplus and Karplus,

1970). Pupil answers followsi the pattern found by Karplus.

Discussions, with Robert Karplus, with Clarence Boeck and

with John Stecklein, encouraged the writer to develop a paper-

pencil instrument.

The writer sought in a pilot study to gain some indication

of probable tasks to use, task testing experience and appropriate

content for,proportional reasoning testing.

Task Interviews

Piagetian task interviews were conducted using a total of

25 tasks with a total of 25 pupils. Each group of five pupils

performed a set of five tasks. That is to say: pupils A.-E
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performed tasks 1-5 and pupils F-J per_rmed the next five tasks

and so on through the full 250 DO pupf:_performed more than five

tasks but each task was performed by fIxe pupils. This is tabled

in the Phase I resultS later in the chazer.

Each task involved physical carcts and materials. The

pupils observed and handled these objecrs and materials. The tasks

involved physical and geometric proportions. Direct, inverse,

direct-as-square and inverse-as-square relations were all included

in the interview tasks. Each interview followed a defined question

format that was structured after the Chittenden (1974).approach of

probing questions culn:Lnating in a direct question asking for the

student's reasoning.

Task:

Tle rods are measured for
the pupil.

'The .longer one is set up
and its shadow:measured.

Materials:

Cuisenaire rods,
8 cm orange and
4 am yellow

Ruled grid,
Lamp - Hi intensity

50
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Questioning:

Introduction: The orange rod you.can see is about 16 units
long. The yellow one is dbout 8. When I set.up the orange
rod and the lamp, the rod has a shadow 10 unitS long.

Prediction: The number of units of shadow I would get if
I set up the yellow rod in the same way without moving the
lamp.

Appendix B includes similar descriptions of the final version of

many of these tasks.

Five task interviews were conducted with each pupil. The

interview and each pupil's response were recorded on audio tape as

well as being recorded in notes. Responses were scored into

categories according to the criterion behavior exhibited and given

a numerical value. This scoring is described in Table 3.1.

Tdble .1

Task Interview Criteria

Stage

Preoperational

Concrete I
Operational

Concrete II
Operational

Formal I
Operational

Formal II
Operational

Criterion Behavior and Example Score

Subject guessesor makes no connection
between haw things change and some rule.
Pupil example: "I guessed."

Subject compensates in some qualitative way. 1
Pupil example: "Because it's bigger." .

A rule, usually addition, is used to 2
calculate the increase or decrease.
Pupil example: .

. "I added 10 + 6 = 16 so 2 6 . 8."

The subject calculates by multiplying or
using simple ratios.
Pupil example:
"10/16 x 8 = 5. I multiplied."

The subject uses proportions.
Pupil example:
"5/8 = 10/16. It's proportional."

0
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Sample pupil responses and their scoring are shown in

Table 3.2. Student answers were recorded in notes and in aUdiO

tape recording. The grading of responses was done from notes and

replaying the tapes.

Table 3.2

Sample Pupil Responses

Answer Reason Score

5 I guessed 0

About 4 It has to go down 1

2 It goes down 6 2

5 I multiplied 10/16 x 8. 3

5 Because it goes the.same way 10/16 is,5/8

Paper-Pencil Tests

The twenty-five tasks were then written as paper-pencil

items and all items mere given to all 25 pupils. Because the

writer questioned what form to use for the items, distractors for

the paper-pencil items were written in the four different forms

illustrated. The item forms were distributed throughout the test.
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Introduction (stem): The orange rod you can see is about 16
units long. the yellow one is about 8.

When I set up the orange rod and the lamp,
the rod has a shadow 10 units long.

Predict (question): The nundher of units of shadow I Would get
if I set up the yellow rod in the sane
way without moving the lamp.

Form
Puoil solves the problem for his answer which he records, and
selects a description indicating his method of solution.

Answer you found
Reason

a - I guessed_
b I added
c I multiplied
d - I used a.ratio

Form II
Pupil selects an answer and an appropriate reason.

a - 5 5/8 =-10/16
b - About 4i short is half as tall
c - 4 I sUbtracted a little less!
d - 2 I subtracted 6

Form III
Pupil selects an answer and a reason from identical answers
but different reasons.

a - 5 because 5/8 = 10/16
b - 5 because 10/16 x 8 = 5
c - 2 because 8 - 6 = 2
d - 2 because it should be smaller

Form IV
Pupil selects a method. Select the approach youwould use.

a - I guess
b - I use a proportion
c I would add
d - I would multiply

5 3



Pilot Study Results

Pupil results on tasks of this pilot study were analyzed to

comfirm the probable existence of levels of proportional reasoning .

and to examine the success of their measurement mith designed

tasks and paper-Tencil items.

TaSk Interviews

Levels of proportional reasoning were evident in the

results. As shown in Table 3.31 pupils did have a range of taSk

scores.

Table 3.3

Pupil Average Scores on pilot Tasks

Level 0 Trans.a I Trans. II Trans. III Trans.

Pupils 1 2 4 3 4 2 8

a Trans. = Transitional

The pupil results mere also used to analyze the discrimi-

nation power and the consistency of the tasks.

All pupil task scores mere arranged in the pattern shown in.

Table 3.4. Here it can be seen that task I-1 Thermometer shows

discrimination for cnly one pupil scored. This suggested that this

task should not be used in further testing.

The underlined scores (3., 0) are scores which differ by 2

or more from the average score that pupil received. Such a wide

difference suggested that this task may not have been measuring
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Table 3.4

Rating of ,Pilot Task Performance

Tasks

I-1 1-2 1-3 I-4 I-5
Pupils Thermom- Folds BB Cr Recipe Sq A Average

eter

A

B

c

D

E

2

2

2

0

2

3

L.

L.

0

3

0

3

I.

0

1

3

3

L.

3

0_

nr-

3

4

0

3

2.0

3.0

3.6

.6

1.8

the spr vi. thing as other tasks. This reciuse task was rewritten

before it was used again. Description of all tasks, paper-pencil

items and pupil scores nay be dbtained from the writer.

Paper-Pencil Tests

Levels of proportional reasoning were present as found in

the paper-pencil testing. These levels are summarized in Table 3.5.

Table 3.5

Pilot Paper-Pencil Average Scores

Level and (Range of Average Scores)

0 I II III IV

(0 - 0.4) (0:5 - 1.4) (1.5 - 2.4) .(2.5 3.4) (3.5 - 4.0)

Pupils

9 7 3

5 5
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There was no perceptible difference in pupil scores with

different distractor formats. Pupils who regularly solved problems

by guessing would candidly indicate that they guessed when asked or

would solve the problem in that way when a solution was required.

The items lacked good consistency, had a wide range of

discrimination and showed variation in difficulty. In Table 3.6

it was noted that items 2.2 and 3.3 had average scores of 3.0 while

items 2.4, 2.5, 4.2, 5.3 and 5.5 each had an average score of 1.9.

Table 3.6

Average Scores of Paper-Pencil Problems

Problem Average Score

1.1 2.8
1.2 2.7
1.3 2.8
1.4 2.4
1.5 2.4

2.1 2.4
2.2 3.0
2.3 2.5
2.4 1.9
2.5 1.9

3.1 2.2
3.2 2.4
3.3 3.0
3.4 2.9
3.5 2.2

4.1 2.0
4.2 1.9
4.3 2.0
4.4 2.6
4.5 2.8

5.1 2.6
5.2 2.1
5.3 1.9
5.4 2.7
5.5 1.9

5 6
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That a relationship between task scores and paper-pencil

scores existed was evidenced by the contingency analysis in

Table 3.7. The hypothesis that the relationship here was due to

chance MBZ rejected after the chi-square statistic was computed.

Chi-square here was 19.97. For nine degrees of freedom this

hypothesis may be rejected for 98 of 100 cases. This calculation

is found in Appendix A.

Table 3.7

Contingency Table of Average Task and Paper-Pencil Scores

Average Paper-
Pencil Score

Average Task Score
1 2 3 4 Totals

1 1 1 2

2 2 4 2 1 9

3 2 1 3 3. 7

4 1 2 3

Totals 5 6 6 4 21

Implications for Phase II

Paper-pencil items did appear to measure proportional

reasoning and the results were comparable to those of other

researchers (Karplus, Karplus and WolIman, 1974). This implied

that a thorough research study to develop a paper-pencil test

should be attempted.

Variations between task measures were.evident. This

suggested that exacting descriptions should be made of the task

interviews and three task measures based in the literature should

5 7



be given to all pupils tested with tasks in the next phase. A

larger number of pupils should be involved in task testing in the

next phase in a way to give more pupils at each reasoning level.

The results suggested that the paper-pencil items would

need much refinement. There appeared to be no clear support for

pupil solution of the problem or selection of just an answer over

just selecting the description of the method of solution. It was

reasoned that paper-pencil items should be rigorously designed,

written in sets for each of the four levels and empirically

improved through large volume and repeated testing.

Certain questions, including the higher ordered proportions,

direct as cube, inverse as square, appeared to be at a different

level. Proportions involving circular areas gave very different

results.

It was decided that proportions should not involve circular

areas; the items with higher order proportions should be

carefully screened.



CHAPTER 4

PHASE II - TASK INTERVIEW TESTING

This phase of the study was the task -testing of a selected

group of 40 eighth grade science pupils. This phase accomplished

a Piagetian task measure of these pupils' proportional reasoning

ability. The pupil responses to task measures and the pupil

performance on task measures were the basis for construction and

selection of paper-pencil items for the test instrument desired in

the study.

Setting

The writer, employed by the Bloomington School District,

chose to use Bloomington as the site for the study because of the

convenience of working within the district and the relevance of

this study to the Bloomington science program.

Demographic and pupil test data from elementary schools

of the junior high attendance areas were used to establish socio-

economic and pupil ability rankings. This information was

gathered by the school district in gaining Title I Elementary

Secondary Education Act (ESEA) designation of target schools.

Data of this sort were available from the Informatioll Office of

the Bloomington Schools. Table 4.1 shows a composite of the

rankin6s of elementary schools by socioeconomic status and by

50
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pupil achievement test grades listed for each junior high

attendance area.

Table 4.1

Socioeconomic Comparison of Bloomington Junior High Schools

Composite Elementary School Ranking
School Socioeconomic Pupil Tests

Penn 8 7

Portland 18 17

Oak Grove 13 13

Olson 7 8

Oak Grove Junior High seemed to be a school that mould

provide a median type of pupil population. 'At Oak Grove, pupils

were modularly scheduled with science-mathematics a scheduled

instructional block. It was possible at this school to give task

interviews within a pupil's scheduled science time or independent

study time. An 8 x 8 foot room off the science office was used

for the task interviews. In this room were a table a chair for

the subject, a chair for the interviewer, a tape recorder to record

task interviews and 19 small boxes, each holding the equipment for

one of the tasks. An average of 25 minutes was spent with each

pupil in completing all five tasks.

Sample Selection

A random sample of 40 pupils was selected from the Oak

Grove grade eight pupil population of 485 pupil's. This random

6 0
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sample had the following composition as compared with the total

population as shown in Table 4.2.

Tables4.2

Comparison of Characteristics of Initial Sample
with Total Population

Bloomington Oak Grove Sample of 40
Grade 8 Grade 8 Oak Grove
Pupils Pupils Pupils

Nunber ho

% male 51 51 70

% female 49 49 30

Average Lorge Thorndike IQ 110 110.5 111.4

Because of the number inequalities in the male-female

composition of the sample, it was judged to be atypical. It was

decided, therefore, to stratify the population by sex and ability.

The pilot study results were reexamined for correlations

between proportional reasoning and the verbal, nonverbal and total

IQ scores of the Lorge-Thorndike measure. Piagetian levels

dbtained from task interviews were found to have the following

product moment correlation coefficients with Lorge-Thorndike IQ

measures: nonverbal, .67; verbal, .71; total, .71. The calculation

of these values is found in Appendix A.

The intent was to select a sample of approximately equal

nunbers of boys and girls and to have a range of abilities to

ensure that all levels of proportional reasoning would be

represented. Pupil nonverbal Lorge-Thorndike scores were mapped

out (see Table 4.3). Choice was made by numbering consecutively
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Table 43

Pilot Sample Characteristics

Lorge-Thorndike
nunverbal scores Boys

Sample
Girls Boys & Girls

All
Oak Grove-

118 and above 5 8 13 149

99 to 117 11 4 15 247

98 and below 5 7 12
_......,

86

Totals 21 19 4o 482

all persons (boys and girls) within the Lorge-Thorndike level and

then selecting with computer generated random numbers. When a

randomly identified student was found to have moved from the

district,another random number was used in the same manner.

The levels and the sample sizes within the levels were

chosen, not to ensure a sample representative of all grade 8 pupils,

but to ensure a sample with pupils at each of the four levels of

proportional reasoning. Deliberately, larger proportions of pupils

were thus chosen from the lower and from the higher Lorge-Thorndike

ranges.

Basic Design

The task interview phase was used to measure proportional

reasoning levels of 40 pupils through intensive interviews wherein

the pupil would manipulate physical Objects while completing the

proportional reasoning tasks the pupil was assigned. The inter-

viewer followed a general format but asked open and probing
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questions after the manner of Chittenden and Bybee. The inter-

viewer's format was reviewed by Dr. Edward Chittenden during the

October 1974 Educational Testing Service Criterion-Referenced

Testing Seminar and. by Dr. Roger Bybee in meetings with thra writer

in December 1973.

Task items involved proportionality mdth direct, inverse,

direct-as-the-square and inverse-as-the-square proportions. The

cognitive content of the task was obtained from a variety of areas.

Physical tasks were those arising out of some physical law or

41
action. Geometric tasks were those arising out of geometric

figures. The nature of these task items is summarized in Table 44.

Task 1, the Shadow Task,and Task 19, Incline, were adapted

by Hensley (1974) from the work of Inhelder and Piaget (1958).

Task 2, Mr. Tall, was a task used by Karplus and Karplus (1970).

Task 3, the Sled Task, was an adaptation of a task of Piaget (1970).

Task 15, Pulley, and Task 16, Ruler, were those designed by Karplus,

Karplus and Wollman (1974). Wollman, Hensley and Karplus extended

permission for the writer's use of these tasks. The first three task

termed "literature tasks," were given to all 40 subjects. The

other tasks, largely designed by the writer and termed "derived"

tasks were each given to at least five subjects.

This pattern of task assignment used with pupils meant

that the first five pupils had tasks 1, 2, 3, 4 and 5. The second
1

five pupils had tasks 1, 2, 3, 6 and 7. The third five pupils had

tasks 1, 2, 3, 8 and 9; the fourth five pupils had tasks 1, 2, 3,

6 3



Table 4.4

Task Specifications

Proportionality

Title Direct Inverse Direct as S

1, Shadow

2, Mr, Tall

3. Sled

4. Angle

5. Balance

6, Flag Pole

7, BB Square

8, Pattern

9, Frosting

10, Paint

11, Speed

12, Boyle

13, Population

14, Probability

15, Pulley

16, Euler

17, Weight

18, Light & Shadow

19, Incline

Totals

61

Geometric

Geometric

Physical

Physical

Physical

Physical

Physical

Physical

Physical

Physical

Physical

Physical

Physical

11

Physical

2

Geometric

Physical

Physical

Physical

me Inverse as Square Cognitive Content

Geometric

Geometric

Physical

2 2

Physical Physical

I) 2

Geometric

Light

Scaling

Motion Acceleration

Similar

Lever

Light

Area

Scaling

Geometric Inverse Square Law

Chemical Proportions

Motion-- Uniform-,

P/V - Gas Laws

Density

'Statistics

Displacement

Displacement

Statistics

Light

Si4le Machines

1

Geonatric
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10 and 11; the fifth five pupils had tasks 1, 2, 3, 12 and 13; the

sixth five pupils had tasks 1, 2, 3, 14 and 15; the seventh five

pupils had tasks 1, 2, 3, 16 and 17; and the last or eighth five

pupils had tasks 1, 2, 3, 18 and 19.

Interview tasks were designed with written description of

the testing protocol, the scoring and the setting. Protocols were

to be open ended with the examiner making notes, asking for certain

pupil responses and recording the interview on tape.

The description for Task 1, Shadows, follows. The complete

set of task descriptions may be found in Appendix B.

1. Projection of Shadows (Hensley, 1974)

Thinking Tested:

Schema of Proportions
Inverse proportion - Physical

Naterial:

A screen, 30 am x 30 am, is used to observe the shadows.

The shadows are. made by three wire rings, 3.0 cm, 6.0 cm and 9.0

cm in diameter. Each ring has a support wire. The length of the

support wire is such that the center of each ring is 12.5 cm above

6 6
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the bottom of the support wire. The rings are made from different

colors of wire as follows: 3.0 cm (white), 6.0 cm (red), 9.0 an

(black). The rings are held vertically on a meter stick by optic

bench screen holders. The meter stick has oaly marks at each 10 am

length. Each mark is labeled with the following letters: N, RI M,

K, G, F, A, B and O. A clear light bulb is supported at one end of

the bean. The center of the bulb is 12.5 an above the top oi" the

beam. The light is turned on and off by connecting or discon-

necting the cord to the 6 volt battery. One meter stick marked in

centimeters and millimeters is prwided for the pupil to use.

Introduction:

"Here is a board, a light and a screen. . I can put up one

ring (6.0 cm) on the board (al; 50 am) and then when I turn on the

light (do it), I ft a shadow of the ring on the screen."

Question:

Initially seek out predictions of the effects of ring size

and ring position on the shadow with questions such as: "What

would you predict will happen if I use this smaller (3.0 cm) ring?"

"What else -ould change the size of the shadow?" "Howl" Do what

is suggested.

Culminating Question:

"How might I make just one shadow using two rings?" "Explain

why this works?"



Scoring Criteria:

Stage Criteria

58

Score

The subject represents the shadow in the way the 0
object appears to him. He does not perceive how
the shadow is formed on the screen.

=IA The subject recognizes that the size of the shadow
depends on the size of the object. His knowledge
goes no further.

IIB In addition to the ring-size dependence of the
shadow demonstrated in IIA, the subject suggests
qualitatively that the distance affects the shadow
size, the closer the object is to the screen, the
smaller the shadow.

IIIA The sUbject quantitatively compensates between
distance and shadow size, between distance and
diameter, but is not generaliZed as a rule The
subject 7pegins to_measuredistance from the light
source.

IIIB From the start the subject measures both the
distance from the light source and the diameter
of the rings. He looks for a numerical
hypothesis based on the divergent structure of
the light rays. The subject is able to state in
a numerical form the general relation for the
two rings to have.just one shadow.

Phase II Results

Pupil responses to task interviews were collected in pupil

notes, observer notes and audio tape records. Pupil responses

were scored by the writer according to criteria as described. For

each task in Appendix B, overall calculation of correlations

between these task scores.was not made but nostponed for analysis

with the final results of Phase III. The scores and the averages

were used at that time.
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For a qualitative analysis of results, a cemPesite listing

was made of all pupil scores, the average scores on literature based

and derived tasks, and the overall average. The task scores in

this Phase were more, -.:.I.nsistent than task scores in the pilot

phase. The average pUpil task levels are listed in Table 4.5.

These averages cluster at Level II. Some pupils did achieve every

level.

Table 4.5

Pupil Task Averages by Level

Task Level
iv

(0-0.4) (9.5-1.4) (1-5-2.4) (2.5-3.4) (3.5-4.0)

Literature tasks 0 6 22 9 3

All tasks 0 4 22 11 3

The difficulty of the,literature tasks was estimated by

averaging the pupil scores obtained for each of these three tasks.

They were respectively: task 1, 2.40; task 2, 2.30 and task 3, 2.08.

Implications for Phase III

Recorded pupil responses were retained for building the

paper-pencil items of Phase III. Pupils on task 3 had a low

overall average. Because it was suspected that task 3 had a

higher difficulty, multiple choice answers were designed with

clear illustrations of the motion that the item questioned.
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It was not conclusive that any tasks should be eliminated.

.All tasks were written as items at each of the four levels of

proportional thinking, insofar as possible. All of these tasks

were the content of test items.- Some 76 items were used for the

first testing in Phase III.



CHAPTER 5

PHASE III - PAPER-PENCIL TESTLNG

Phase III of the study was the design and selection of

items for a paper-pencil instrument to measure proportional

reasoning. Paper-pencil testing started tt1 a set of 76 items

administered to the 4o pupils who had been tested with interview

tasks in Phase II. The content of the items was that of the 19

Phase II tasks. As many as four items were written for each task

covering the four proportional reasoning levels.

Pupil performance was used to judge item effectiveness in

the selection of a set of 24 items from an initial set of 76 items.

This selection and the continued item improvements made through

further testing are described in this chapter.

Test Versions and Sample Selection
,
Ten versions of the test were administered. Each version

was an improvement over previous ones as a consequence of the

changes in items or the replacement of some items with others.

Table 5.1 summarizes the characteristics of each version, the

pupil samples that were tested and the relationship between the

versions.

Version I consisted of 76 items over the four levels of

proportional reasoning. This was administered to 4o eighth grade

61
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Table 5,1

Test Versions and Pupil Samples

"0...M*.M.OMPIN11MEMMIMI..MdEM.MM

Test Pupil Sample

Version Characteristics Nuter Description Selection

76 items

4 levels

II A 24 items

6 at each of 4 levels

II B 12 items per pupil in a "matrix" sample

6 at Level I, same for all

Another 6 from among Levels II, III and IV

'II C Same test for all

6 at Level I; 6 at Level II; 6 at Level III;

12 at Level IV

III A 29 items, 6 at each Level I, II, III and IV.

Five additional items for Level II

III B 12 items per pupil in a "matrix" strategy,

The same 6 Level I for all,

Another 6 chosen from Levels II and III

IV A 30 items, 6 at each Level I, II, III and IV;

additional Level III items

IV B 30 items, 6 at each level and 6 additional

Level IV items

V A 30 items, 6 at each level and 6 additiOnal

Level IV items

V B Identical with V A except for the

substitution of 2 items and rescoring

40 Grade 8 Pupils selected randomly vithin

"transitional" three intelligence levels for

task testing

29 Grade 8

"transitional"

27 Grade 5

"non-masters"

77 Chemistry

pupils

"masters"

Randomly selected from 385

Ore total class

Chemistry classes at one high

school

393 Grade 8 All Grade 8 pupils in one school

"transitional"

30 Grade 5 One total class
"
non-masters'

77 2 separate

Grade 8 groups

195 "transitional"

69 Physics classes

"masters"

427 Grade 8

"transitional"

72

77 pupils selected randomly

from 385

195 as half of the total

Grade 8 population

Physics classes in one high

school

All Grade 8 pupils in one school
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pupils selected randomly within three intelligence levels for task

testing.

Version II A, which resulted from review of Version I

results, had two related verions, II B and II C. Version II A,

the basic set of items, consisted of 24 items, six items at each of

the four proportional reasoning levels. Twenty-nine pupils,

randomly selected from a group of 385 grade eight pupils, were

tested with this version.

Version II B had three forms designed so that responses of

a class of 27 fifth grade pupils, supposed non-masters, to Level I

items could be analyzed thoroughly and some measurement could be

made of the other items. Each of the forms had twelve items. Six

of the items in each form were the six Level I items from Version

T1 A. The additional six items were selected from each of the

other three levels.

Version II C was a 30 item adaptation of Version II A that

was used with 77 high school chemistry pupils, supposed masters, to

thoroughly analyze Level IV items. An additional six Level IV

items were used along with the Version II A items in order to

consider some replacement of Level IV items.

Version III A, which was administered to 393 grade eight

pupils., was the result of the improvements in Version II. Twenty-

nine items were used in this version, six at Level I, eleven at

Level II, six at Level III and six at Level IV. The additional

Level II items were intended for consideration for improvement of

Level II.
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Version III B, administered to 30 fifth grade pupils, was

designed as two forms with 12 items each. Six Level I items of

Version III A and three items each from Levels II and III of

Version III A were used in the tva forms. A special purpose of

this testing was the improvement of Level I items.

Version IV A was a set of 30 items that was administered

to 272 eighth grade pupils. Seventy-seven of these pupils were

randomly selected from the 385 grade eight pupils of a school.

The additional 195 pupils were the grade eight pupils enrolled in

second semester science classes in another school. The test con-

tained six Level I items, six Level II items, twelve Level III

items and six Level IV items. Overall item improvement was

intended-from this testing as was the possible replacement of some

Level III items.

Version IV B contained most of the items used in Version

IV A with the exception that six items were used at Level III and

twelve items at Level IV. The responses of the supposed masters

who took the test, 69 high,school physics pupils, were used to

improve the upper levels of the test.

Versions V A and V B were administered to 427 grade eight

pupils, essentially all the grade eight pupils in one'junior high.

The purpose of this testing was to develop descriptive statistics

regarding the final version of the test. Version V A and V B were

the single test that was to be the final test version of 24 items.

Thirty items were used. The 24 items that were scored as the basic
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test consisted of six for each of the four levels. Six additional

Level IV items were included. With the replacement of two of the

original Level IV items by two from the additional six items which

were part of Version V A, Version V B came into being upon rescorihg

the papers.

Basic Design

The paper-pencil testing was carried out to select a final

form of 24 items, six items at each of four levels. An initial

set of 76 items -aere written. Each item of the initial 76 item set

was constructed according to procedures for good item construction

after Nehrens and Lehman (1972). Only procedures 5-9 inclusive

were pertinent.

5. Prepare a table of specifications
6. Decide upon the type of format to be used
7. Prepaxe test items
8. Evaluate
9. Revise

The table of specifications used was that to be found in

Tdble 5.2. It can be seen that the items were to sample all levels

and to be written in both a geometric and physical context. Content

of the test item came from the nineteen tasks used in task inter-

views. Pupil responses to these tasks were helpful in forming the

items.

The paper-pencil test items, the item key and the

distractors were written to specific criteria from Inhelder and

Piaget (1958). This was in accord with the specifications of

7 6
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Table 5.2

Specifications of Paper-Pencil Items Desired

Context
Stage and Level

Concrete Stage Formal Stage Approximate-
Level Level Level Level Totals

IV

Geometric a i a a

Physical , a a ,a_
Total 20 20 20

a

20

30

50

80

a Exact numbers in each context were not established ahead of time.

Glaser and Cox (1968) for criterion-referenced measur As Glaser

and Nitko (1971) prescribed, the classes of behavior for each level

were specified as clearly as possible before the test was

constructed.

Paper-pencil teat item format, criteria and test examples

axe illustrated by level in Figures I, II, III and IV. The key is

located as the first answer in these examples. In practice,

however, the locations of the key and distractors were varied by

setting out all possible coMbinations of the first four answers

and then randomly assigning them.

Answer "E," I have no answer, was always placed as the

last answer. Thus, a pupil need not enter a guess when no answer

seemed plausible.
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Item Design Concrete I Stage (Level I)

Key

Distractor

Distractor

Distractor

Distractor

Stage

Concrete I

Reasoned
Guess

Reasoned
Guess

Illogical
Guess

None

Item Example (11C1),

A ear moving at
speed of 30 mph
pictured at one
intervals, look

Answer

Score Criteria

Snbject compensates in a qualita-
tive waY. May match two direct
ordered relations or use addition
or subtraction to contrast or
calculate ratios
A >B>C> D
J>K> L>M

3 Subject makes erroneous connection
but one which involves appropriate
elements

2

1

0

Subject makes reverse ordered
connection but involves elements

Subject guesses or makes no
ordered connection, nonsensical

Subject makes no response

a constant I 16.1

will, if
second
like:

11 161-z,

6:b

A. I because it moves equal distances each
second

D. II because it is increasing its distance

C. II because it changes

B. None of these because it is moving

E. I have no answer

Stage

Concrete I

Reasoned Guess

Reasoned Guess.

Illogical Guess

None

Figure I. Level I Item Design and Example: Test Item 5
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Item Design Concrete II Stage (Level II)

Key

Distractor

Distractor

Distractor

Distractor

Stage

Concrete II

Concrete I

Reasoned
Guess

Illogical
Guess

None

Score Criteria

Subject orders corresponding
relations (with inverse)

A >B>C> D
J<K<L<M

Item Example (14C2)

These nature hunt groups are
wlth the most pupils to help

Answer

3 Subject compensates in some
qualitative, non-ordered way
(or direct - not inverse)

Subject makes erroneous connection
but one which involves- elements

1 Subject guesses or makes no con-
nection between how things change

0 Subject makes no response

chosen for a nature hike. The teacher
is: Mrs. Andrews - 5 pupils

Mr. Denton &. Mrs. Felk 8 pupils
Mr. Holt 6 pupils

A. Mr. Holt because 6/1 is larger than 5/1 is
larger than 8/2

C, Mr. Denton and Mrs. Felk because they have
the most pupils

B. Mr. Denton and Mrs. Felk because 2/8 is
larger than 1/5 is larger than 1/6

D. Mrs. Andrews because she has fewer pupils Illogical Guess

E. I have no answer None

Stage

Concrete II

Concrete I

Reasoned Guess

Figure II. Level II Item Design and Example: Test Item 21

7 9
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Item Design Formal I Stage (Level III)

Stage Score Criteria

Key Formal I 4 Subject multiples, uses simple
ratios, contrasts ratios and can.
order them 5/25 2/25
5/25 x 10 = 2

DiStractor Concrete II 3 A rule, usually addition or
subtraction, is used, to contrast
or calculate ratios

Distractor Concrete I 2 Subject compensates in SOMB
qualitative way

Distractor Guess 1 Subject guesses or makes no
connection between how thing8
,change

Distracter None .0 Subject does not respond

Item Example (10F1)

Jim uses 4 heaping teascoons of Tang powder with an 8 oz. glass of
water. How much Tang_is needed for the same mixture with 12 oz.
of water?

Answer

A. About 6 teaspoons because 12/8 x 4 tsp. =
6 tsp.

B. About 8 teaspoons because 8 oz. + 4.oz. .
12 oz. and 4 tsp. + 4 tsp. = 8 tsp.

C. More than 4 teaspoons because there is more
water

D. 4 teaspoons because it is the same mixture

Stage

Formal

Concrete II

Concrete I

Guess

E. I have no answer None

Figure III. Level III Item Design and Example: Test Item 11
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Item Design Formal II Stage (Level IV)

Stage Score Criteria

Key Formal II 4 The subject calculates using pro-
portions and recognizes the appro.-
priate proportions to be used:

A
=

A C E- -
B

or
D F

Distractor Formal I 3 The subject multiplies or uses
simple ratios

Distractor Concrete II 2 A rule, usually addition or sub-
traction, is used to calculate
the increase or decrease

Distractor Concrete I 1 The subject compensates in some
qualitative way

Distractor None 0 The subject guesses or makes no
connection between how things
change

Item Example (2F2)

Sketch #1 of a house is 5 pencil widths or 2 pennies high. Sketch
#2 of this house is not shown. S! -;ch #2 looks the same but is 8
pencil widths high. How high must sketch #2 be in pennies?

Answer

2 3.2
B. About 3 because =

2
C. About 3 because x 8 = 3.2

A. About 3 becase 8 - 5 = 3

D. About 3 because it has to be more

E. I have no answer

ED
Stage

Formal II

Formal I

Concrete II

Concrete I

None

Figure IV. Level IV Item Design and Example: Test Item 22

8 1
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Phase III Results/Interpretations

Each testing period was followed by an analysis of results

and an improvement of the item set. Deficient items were modified

or replaced. In the first stage, item analysis consisted of com-

paring the overall results with expectations. In later stages of

analysis the response patterns of masters and non-masters were

contrasted. In the last stages a biserial r vas calculated to

evaluate the correlation of scores of masters with the levels

assigned by testing and a report of the mean scores of item masters

and non-masters.

Version I

Item writing for Version I produced 76 items. Table 5.3

summarizes the content and levels of these items. Seventeen items

were written at the Concrete I stage, 17 at the Concrete II stage,

18 at the Formal I stage and 24 at the Formal II stage. In total,

20 items were written with geometric context and 56 with physical

context. Usually four items were written from each task although

as many as five and as few as one were written.

It vas intended that the final planned array for Version II

after item selection would be that of Table 5.4.

Observed pupil performance was used to select itens for

Version II. The test vas taken by 40 pupils who had been selected

to give performance at every level of proportional reasoning and

who had demonstrated such proportional reasoning in task testing.

8 2



Table 5.3

Content and Stage of Version I Paper-Pencil Items

Piagetian Stage

F2 or G2 Formal. II

Fl Formal I

C2 Concrete II

Ci Concrete I

Content

1, Shadow

.2, Mr. Tall G

3, Sled

4, Angle

5, Balance

6. Flag Pole P

7. BB Square G

8. Pattern

9, Frosting G

10, Paint

11, Speed

emowni

Proportionality

P:Physical Inverse Direct Inverse

(geometrical Mult'n of Mult'n of Ordering as as

Context Relations Relations Proportions Direct Inverse Square Square

83

1
C
2

Fl

C C
2

F
1 1

C
1

C
2

F
1

F
2

C
1

C
2

F
1

F
2

C
1

C
2

F
1

F
2

C
1

C
2

F
1

P
2

Cl
02 Fl F

2
G
2

C C
2

F 7 G
1 1 '2 2

C
1

C
2

F
1

F
2

G
2

F2

F
2

2

1 1
C
2

P
2

1
C, F1 F

2
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Table 5,3 (continued)

Content and Stage of Version I Paper-Pencil Items

Omm..1.11OunAmM,..mftftWWWINMOM......W...4,=.0omr ,dww.M.1.mm.

Content

12, Boyle

13, Population- P

14, Probability P

15, Pulley

16, Ruler

17, Weight

Proportionality

Peysical Inverse

0:Geometrical Mult'n of Mult'n of

Context Relations Relations

Direct Inverse

Ordering as as

Proportions Direct Inverse ScuLeut.J252._

C C
2

F F2
1 1

C c
2

F
1 1

C C
2

F
1

F
1

C
1

C
2

F
1

F
2

C
1

C
2

F
1

F

C
1

C
2

F
1

F

18, Light & Shadow P F1

19, Incline

56 Physical

20 Geometrical 17 C1 17 C2 18 F1

items

F2 G2

F2

ballft1.0.1.11 11.1M

11F2 2 F2 8 F2 3 .F2

F2
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Table 5.4

Version II lest Item Content and Stage

Content Stage (Levels)
Concrete Formal

Level I Level II Level III Level IV Total

Geometric &
Physical

6 6 6 24

These general decision rules, as shown in Table 5.5, were applied:

1. Choose items which approximate these levels of
pupil performance:

Level I 50 - 60 % correct
Level II 40 - 55 % correct
Level III 30 -.45 % correct
Level IV 20 - 35 % correct

Such percentages were chosen from recognition that
correct answers to four of the six levels would be
mastery. It yes also expected (Hensley, 1974; Karplus
and Karplus, 1970) that most pupils would achieve
Level I, 70 per cent would achieve Level II, 25 per
cent Level III and 10 per cent Level IV.

0-
2. Use items .with a variety of content and t,,.ve both

geometric and physical contexts within the selected
items.

3. Change items in accord with Piaget theory and item
design requirements for answers which have defined
characteristics.

Because a combination of these rules wus applied, an item wus not

rejected upon failure to meet any one rule.

87
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Table 5.5

Characteristics of Selected Version I Items for Version II

Level I Items

Test Item 1C
1

2C
1

4c
1 901

11c
1

14c
1

Average

% Correct 53 56 43 63 58 53 54.3
r = 4o

Decision Use Change Change Use Use Use

Level II Items

Test Item 1C2 3C2 5C2 6C2 11C2 14C2 Average

% Correct 38 35 28 25 60 68 42.3
N = 40

Decision Change Change Change Change Use Use

Level III Items

Test Item 2F
1

8F
1

10F
1

11F
1

17F
1 18F

1
Average

% Correct 40 38 55 48 28 25 39.0
N = 40

Decision Use Use Change Use Chrtnge Change

Level IV Items

Test Item 1F
2

4F
2

9G2 111'2 17E12 19F2 Average

9; Correct 14 24 24 28 lo 31 21.8
N = 40

Decision Use Use Change Use Use Use

8 8
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Version II

Version II, prepared through the selection process

previously described, consisted of a basic set of 24 items.

Version II was used in a different form with each of three groups:-

Version Characteristics PopulaAon

II A

II B

II C'

24 items; 6 from each
level; 2 forms

12 items per pupil
3 forms each with
6 Level I items and
6 items from the
other levels

30 items; 6 for each
level; 6 additional
items from Level III;
2 test forms

29 randomly selected
Grade 8 pupils

27 Grade 5 pupils
(one class)

Probable non-masters

77 Grade 11 pupils
(chemistry)

Probable masters

All testing was done with at least tmo forms of the t:,1,t in which

items mere randomly ordered. Form 2 had the reverse item order

from Form 1.

Decision rules for improvement of Version II were more

complex than for Version I. The scoring provided for a classifi-

cation of a pupil's level of proportional reasoning. The assigned

reasoning level vas then used to categorize responses. It was

possible then to note how the items discriminated between

proportional reasoning levels.

A pupil was assigned as a master of a part-alrtx level when

he achieved correct responses for four of the six 1, assumed to

be written at that level. It was reasoned that with six items per

level and, four responses per item (Level E response always mas

8 9
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"I have no solution"), the prdbability of success by pure guessing

would be one-fourth per item. For six items, then, it was probable

that two items might be answered correctly by pure chance.

Through test scoring, the masters and non-masters for each

level were identified. Since all pupils were tested on all items,

the scoring may be thought of as a classification scheme where 0

denotes non-mastering and 1 denotes mastering at respective levels

(see Figure V). A person mastering all levels would follow the

sort of performance on the right. A person failing all levels

would follow the performance on the left.

This Version II scoring accomplished an assignment of each

pupil to a performance index based upon his meeting or failing the

criteria of achieving correct responses to four of the six items at

each level. In Table 5.6 there is a listing of all possible per-

formance indices arranged by the level they prdbably. represent.

The number of eighth grade pupils, masters in proportional

reasoning, are listed by the performance index they achieved. As

anticipated, most of the eleventh grade pupils, 78 per cent,

achieved above Level II. These results suggested, however, that

too many eighth grade pupils were being classified in Level 0 or

Level I.

The responses of grade 5 pupils, non-masters, mere valuable

in evaluating the Level I items. Grade 5 reaults, Version II B,

were dbtained by hand scoring. The results, as shown in Table 5.7,

suggested that Level I items were working appropriately.

9 0



Performance

Index Failing

Performance

Index Passing

Level I items 0 Fails Level I 1 Passes Level I

Level II items 00 Fails Levels I and II 11 Passes Levels I and II

Level III items 000 Pails Levels I, II and III 111 Passes Levels I, II and III

Level IV items 0000 Fails all levels = Preoperational 1111 Passes all levels = Formal

Stage - Level 0 II - Level IV

Figure V. Performance Index

9 1
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Table 5.6

Performanc of "Masters" and "Transitional" Pupils
on Versions II A and II C

Level Performance
Indexa

Grade 8
Pupils

"Transitional"
N = 29

Grade 11
Chemistry
Pupils
"Masters"
N = 75

0000 11 1

0001 o o
0010 o 1

Level 0 0011 o o
(Preoperational) 0100 o o

0101 o o
0110 o o
0111 o o

1000 10 1
Level I 1001 o o

1011 o 0
1010 5 8

Level II 1100 5
1101

Level III 1110 3 36

Level IV 1111 0 23

a This notation describes the levels passed and failed,
e.g., 1111 means

Passed Level I
Passed Level II
Passed Level III
Passed Level IV

9 3



Table 5,7

Version II B Results

Responses

A

Level I Items Level 11 Items Level III Itens Level IV Items

1 4 9 11 14 1 3 5 6 11 14 2 8 10 11 17 18 1 9G2 17 19

1 14 3 1 10 2 1 0 5 3 1 5 3 0 0 4 5 1 1 1 3 1

7 3 2 2 2 8 2 1 3 3 0 2 1 1 4 3 1 1 3 4 2 1

4 2 2 15 4 8 1 4 2 0 4 1 0 3 1 7 2 0 0 2 1 1

12 2 15 5 0 7 3 11 4 1 2 1 2 2 1 3 0 3 2 1 3 0

2 6 4 3 9 1 0 1 6 3 0 0 1 3 3 0 1 1 1 1 6

Correct answers are underlined,

94

co

95
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Items 11C
1

and 14C
1

could have been too hard since they were

answered correctly by fewer pupils. Results from other levels

confirm that these items do discriminate.

TrJble 5.8 lists responses for all grade 8 pupils: grade 8

Level 0 pupils (0000) and grade 8 Level I pupils (1000).

Table 5.8

Level I Item Results for Grade 8 Pupils on Version II A

Per cent correct by
student description

Item number All
N=29

0000
N=11

1000
N=10

Comment

14c1 62 36 70 okay

11C
1

62 9 go okay

9°1
69 55 70 okay

4c
l

72 27 100 okay

48 9 60 change

1C
1

69 36 90 okay

The first criterion for item improvement was that items

for Level I should be answered correctly by approximately 66 pfr

cent of the eighth grade pupils.

criterion.

Contrasting the results of Level 0 and Level I pupils

gives some estimation of how well each item discriminated between

masters and non-masters. Item 11C
1
vas especially good at dis-

crimination, as shown in Table 5.8. Item 2C1 diEcriminated well

Item 2C
1
did not meet this

9 6



but should have been correctly answered by more persons. Item 24

it was concluded, needed improvement. Very familiar objects wd
substituted for the pictures of the problem. Version II item

decisions are summarized in Table 5.9.

Table 5.9

Version II Item Decisions

Level 1 Items

Test Item 14C1 11C1
9C1

4c
1

2C.
.1.

1C1 AINI.Pt

% Correct
Responses 62 62 69 72 48 69 63
N = 29

Decision Use Use Use Use Change Use
Example

Level II Items
,

Test Item 14C2 11C
2

6c
2

5C
2

3C
2

1C2 AvI.Pt

% Correct
Responses 52 59 62 7 38 59 46
N = 29

Decision Use Use Change Change Use Reduce
Example Ratio Only 2 Ambiguity

Charts

Level III Items

Test Item 18F INI.Pt
1 17F1

11F1 1OF
1

8F
1

2F1 A

% Correct
Responses 21 52 45 45 55 38 43
N=29

Decision Change Use Use Use Change Use
Ratio Ratio

Level IV Items

Test Item 19F2 17F2 11F2 9G2 4F2 1F2 Avx"
% Correct
Responses 31 10 28 24 24 14 Z2
N = 29

Decision Use Replace Replace Use Replace Use
Item Item Item

9 7



Version II needed some improvement. Version II had the

beginnings of appropriate discrimination but items at each level

needed changes.

Version III A and Version III B

Version III A was constructed from the experience in

testing with Version II. These decision ruaes were used:

1. Items within a level should have homogeneity in
their overall difficulty.

2. Items should discriminate between the responses
of persons identified with levels of reasoning,
that is, Level III pupils should have better
performance on Level III items than Level II
pupils.

Selected items were randomly ordered through the test. Two

versions of the test were used in all testing. One version had the

reverse order of items from the other. The key and distractors for

the items were randomly ordered. The population tested with

Version III included all grade 8 pupils in one junior high school

(see Figure VI). Thirty grade 5 pupils, one class at an

elementary school, were tested with Version III B. Version III B

differed from Version III A, since it included the lower three

levels.

Test deficiencies were evidenced by the very large number

of pupils failing to meet success by the criteria for Level I and

then showing success for higher levels. Of 227 pupils who failed

to correctly answer four-of the six Level I items only 99 failed

to meet the criteria at the other three higher levels. It was

9 8
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20
1111

50
111 30

1110

97 16
11 1101

47
371-5 31

1100

3.66 1
:L 1011

20
19

1010

393
All Grade
8 pupils

227

10
69.

88
01

139
00

100

011

45
010

22
001

117
000

1001

48
l000

8
0111

35
olio

5
0101

0.
oloo

0011

22
0010

18
0001

99
0000

Figure VI. Grade 8 Pupil Performance on Test Version III A:
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found that two of the six items for Level I had been incorrectly

keyed and that some program problem had not carried through the

old classification. The items themselves were likely better than

performance indicated.

Test analysis followed the same pattern as explained for

Version II. A summary of these inTrovements is provided in

Table 5.10.

Table 5.10

Version III A Item Decisions

Level I Items

Test Item

% Correct
Responses

N = 393

Decision

14c1 11c1
9c1

63 62 69

Use Change Use
only 2
examples

LLvel II Items

Test Item .14C2 11C2

% Correct
53Responses

2C1 1C1 Average

72 68 64 66

Change Use Use
Make more
discrimi-
nating

6C2 5C2 3C2 1C2 Average

.38 52 60 69 56

Decision Use Change Replace
Responses

Level III Items

Test Item 18111 l7F1

% Correct
52 68

Responses

Decision Use Add. plaus.

answer

Level IV Items

Test Item 19F2 15F2

% Correct 34 34
Responses

Decision Use Change
order of
answers

Change Use j.ise

1 answer

11F1. 101'1

42 49

Change Use
I answer

-10F2 -902

62 21

Remove Use
words
frm ratio

8F1 2F1. Average

27 43 47

Change Use
Pbm stem

5F2 Average

34 21 34

Use Add
more
numbers

100
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Version IV A

Version IV A was prepared from analysis of Version III

results as previously described. Version IV A had thirty items.

Twenty-four of these were the six items for each of Levels I, II,

III and IV. An additional six items at Level III mere included to

provide improvement of Level III. Test Version IV A, was taken by

272 pupils. Of these pupils, 77 were those randomly selected from

385 grade 8 pupils at Olson Junior High, Bloomington; 195 of these

pupils were those eighth grade pupils taking science in the second

semester at Portland Junior High, Bloomington.

Version IV B had thirty items. The twenty-four items pro-

viding the core test of six items for each of the Levels I, II, III

and IV were the same as those of Version IV A. The additional six

items, however, were from Level IV to support, improveneht of Level

IV items. Test Version IV B was taken by 69 pupils who were

physics pupils at Lincoln High School, Bloomington. By maturity

and ability these pupils were assumed to be masters of proportional

reasoning.

It was intended that this testing be used to improve the

items selected for test Version V. 'In addition to previous item

selection techniques, the point biserial measure of item discrimi-

nation was calculated. Decision rules for item impravement were:

1. Items within a level should have homogeneity in
their overall difficulty as evidenced in:

a. the total percentage of persons correctly
answering the item

10 1
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b. the percentage of persons attaining the level
who correctly answer the item

c. the number getting the item right and the
number getting the item wrong

2. Items Within a level should discriminate between
responses of persons mastering that level and those
not mastering the level as evidenced in:

a. pupils coded as masters of the level should
have performance on items of that level that
distinctly exceeds that of non-masters

b. the average scores over the test of those who
are masters of the level should be approxi-
mately the same

c. r biserial values for each item should
approximate or exceed .5000

Version IV A results are described in Figure VII. Of the

272 pupils tested, 232 or 85 per cent were identified distinctively

with a certain level. Table 5.11 summarizes the proportional

reasoning levels assigned.

Table 5.11

Proportional Reasoning Levels of Grade 8 Pupils on Version IV A

Number Level Stage Per cent

35 o 13

26 Transitional 9
62 I Concrete I 23

12 Transitional 4

76 II Concrete II 28

2 Transitional 1

55 III Formal I 20

4 IV Formal II 1

Total 272

102



1

272
aFacTie-7

Pupils
Two Schools

211

137

74

22
01

39
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78
115 76.

uoo

55

2
1101

7
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67
62
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4

0
Mr_

7
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5
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18

4

18
0100 _

oou
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oolo

35
ZR55-

Figure VII. Pupil Performance on Test Version IV A
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Grade eight responses by items are described in Table 5.12.

Table 5.12

Version IV A Item Decisions

Level I Items

Test Item 1401 11C1 9C1 1[C1 201 1C1 Average

% Correct
Responses 63 71 69 62 66 55 64

N = 272

Decision Use Una Use Use Add More
table diagram

detail

Level II Items

Test Item 1402 11C2 10C2 5C2 3C2 1C2 Average

% Correct
Responses 77 51 68 68 60 69 65

N = 272

Decision Use Use Use Replace Use Use

Level III Items

Test Item 18F1 17F1 11F1 10F1 8F1 2F1 Average

% Correct
Responses 58 34 65 48 37 43 48

N = 272

Decision Use Use Replace Simplify Use Ute
ratios

Level IV Items

Test Item 19F2 15F2 10F2 9G2 5F2 1F2 Average

% Correct
Responses 21 18 38 19 34 29 27

N = 272

Decision Use Use Use Use Use Use
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It was apparent that Level I items were too difficult and

Level II items too easy. Item discrimination information from

Table 5.13 was used as indicated.

Version IV B

Test Version IV B consisted of thirty items. The twenty-

four items forming the core of the test were identical to those of

test Version IV A. The additional six items, however, were from

Level IV to allow improvement of Level IV items. Test items were

randomly ordered in the test. The test was administered in two

forms. One form had the reverse order of the other form.

Test Version IV B was taken by sixty-nine physics pupils

at the same time as test Version V Awes being administered.

Results from Version IV B were not available for improvement of

Version V A. Pupil performance on Version IV B is summarized in

Figure VIII.

Decision rules for improvement of the items of Version

IV B included information from calculation of the Point biserial

measure of item discrimination. The decision rules were:

1. Items within a level should have homogeneity in
their overall difficulty as evidenced in:

a. the total percentage of persons correctly
answering the item

b. the percentage of persons attaining the
level who correctly answer the item

c. the number getting the item wrong
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Table 5,13

Item Discrimination Venion iv A

Level I Average

Level II Average

# Getting # Getting

Item Item

Question Correct Wrong

.....,.....1.1.1
Average Score on

This Level

Corrects Wrongs

Point

Biserial T

Correlation Value

1-1 197 75 82,7 48.9

1.2 247 25 77.7 31,3

1-3 217 55
78,8 52,1

14 203 69
81,9

48,3

1-5 164 108 84.9 56.o

1-6 170 102 86,1 52,3

199.7 72.3 82.0 48,2

2-1 198 74 71.6 40.1

2.2 166 106 74.7 45.4

2.3 193 79
72.3 41.4

2-4 202 70 70,3 43.1

2.5 155 117 71.1 53.0

. 2-6 119 153 77,6 52.2

172.2 99,8 72,9 46,o

* Significant at the ,001 level

106

.618* 12.91

.547* 10,72

,438* 8.00

598* 12.24

576* 11,58

,668* 14.75

,563* 11.20

,590* 11.99

580* 11.70

.491* 9,27

.370* 6.54

.521* 10.02
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Tale 5,13 (continued)

Discrimination Version IV

# Getting Getting Average Score on Point

.Item Item This Level %serial T

Question Correct Wrong Corrects' Wrongs Correlation ,Value

Level III Average

Level IV Average

IRMAIMIM11110.01wrIONIMMIIIIISMOMMI

34 131 141 57,6 29,2 ,612* 12,70

3.2 96 176 59,4 3349 4524* 10,11

3-3 155 127 54,6 37,4 4581* 11,74

3.4 175 97 53.1 24,4 .593* 12,09

3-5 52 220 46,5 42,0 ,075** 1,24

3.6 91 181 5947 34,4 ,513* 9,62,

129,6 142,4 56.9 33,6

44 80 192 39,0 17,9 1510* 9,73

4.2 75 197 4017 17,8 ,543* 10,62

4.3 83 189 39,0 17,5 .523* 1048

4.4 48 224 39,6 20,8 ,381* 6,77

4.5 70 202 36,9 19,6 ,401* 7,18

4.6 37 235 37,8 21,9 1290* 4,97

65,5 206,5 38.8 1913

* Significant at the 4001 level

** Significant at the level
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IJevel V Average

Table 5.13 (conti'nued)

Item Discrimination Version IV A

# Getting i Getting Average S%4 , point

Item Item This Leve %serial T

i Correct Wrong Corrects WV Correlatior Value

,

5.1 153 119 37,7 cy
;614* 12.78

, 4 15.2 45 227 30 1084*':f 1,38

5.3 52 220 50,3
A
ce 1 j6)* 11,10

5.4 29 243 48,9 01 ,373* 6.61

5-5 97 175 46,2
1/ I

',go* 16,55

5.6 56 216 50,3
A
v 5

t586* 11,87

129,6 142 56,9 0,
4,..

* Significant at the .001 level

** Significant at the .1 level
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2. Items within a level should discriminate between
responses of persons mastering that level and those
not mastering the level as evidenced in:

a. pupils coded as masters of a level should
have performance on items of that level
that clearly exceeds that of non-masters

b. the average scores over the test of those
who are masters of a level should be
approximately the same

c. point biserial values for each item should
approximate .500 or better

That physics pupils were indeed masters was confirmed by

their performance as summarized in Table 5.14.

Table 5.14

Version IV B Item Responses of Physics Pupils

Level I Items

Test Item 14C1 11C1 9C1 4C1 2C1 1C1 Average

% Correct
Responses 91 94 96 91 93 91 93
N . 69

Level II Items

Test Item 14C2 11C2 10C2 5C2 3C2 1C2 Average

% Correct
Responses 93 86 91 81 86 84 87
N . 69

Level III Items .

Test Item 18F1 17F1 11F1 10F1 8F1 2F1 Average

% Correct
Responses 84 70 87 84 62 go 80
N = 69

Level IV Items

Test Item 19F2 15F2 10F2 9G2 5F2 1F2 Average

% Correct
Responses 52 74 57 74 54 35 58
N = 69
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Item discrimination information summarized in Table 5.13

and the information from Table 5.14 supported the replacement of

item 1F2 in Version V B.

Version V A

Test Version V A contained thirty items. Twenty-four items

were the core of the,test. Each of the four proportional reasoning

levels had six test items frak this set of twenty-four. The

additional six items were from Level IV to support improvement of

Level IV items from pupil performance on this test and the per-

formanne of masters on test Version IV B.

Items were randomly ordered in the'test. The test was

administered in two forms. One form had the reverse order of the

other form.

Test Version V A was administered to 427 grade eight pupils

at Oak Grove Junior High School., Included were most of the

original forty pupils who participated in task testing. Pupil

performance on test Version V A is silmmwrized in Figure IX.

Improvements of this version. were possible through the

rescoring of Level IV items. Decision rules for such improvements

included information from calculation of the point biserial

measure of item discrimination. The decision rules were:

1. Items'ulthin a level shauld have homogeneity
in their overall difficulty as evidenced in:

a. the total percentage of persons correctly
answering the item
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Figure IX. Pupil Performance on Test Version V A
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b. the percentage of persons attaining the
level who correctly answer the item

c. the number getting the item wrong

2. Items vIthin a level shouI:. discriminate betwes,;11
responses of persons mastering.that level and
those not mastering the level as evidenced in:

a. pupils coded as masters of a level should
have performaace on items of that level
that clearlyeameeds that of non-masters

b. the average mcores over the test of those
who are mastars of a level should be
Approximately the same

c. point biserial values for each item
should appraximate .500 or better

Seventy-five per cent (322) of the 427 total grade eight

pupils were clearly identified with a proportional reasoning level.

Summarizing Figure IX results, the proportional reasoning levels

assigned were those of Table 5.15.

Table 5.15

Proportional Reasoning Levels of Grade 8 Pupils on Version V A

NuMber Level Stage Per Cent

99 0 Preoperational 23

58 Transitional 14

71 I Concrete I 17

39 Transitional 9

62 II Concrete II 15

8 Transitional 2

67 III Formal I 16

23 TV Formal II 5

Totta 1427
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2upil responses by are sumerized in Table 5.16..

Table 5.16

Version V A Item Responses of Grade 8 Oak Grove Pupils

Level I Items

Test Item 14C1 11C1 991 4c1 ,2c1 1Cl Average

% Correct
Responses 68 71 72 59 64 57 65

N = 427

Level II Items

Test Item 14C2 11C2 10C2 5C2 3C2 1C2 Average

% Correct
Responses 67 55 69 35 50 53 55
N = 427

Level III Items

Test Item 18F1 17F1 11F1 10F1 8F1 2F1 Average

% Correct
Responses 46 34 55 57 39 59 48
N = 427

( Level IV Items
\,

..

\ Test Item . 19F2 15F2 10F2 9G2 5F .. Average

% Correct
Responses 33 37 45 16 25 26 30
N = 427

It, NW apparent thmt changes from Version IV A were

improvements with,the exception of the replacement.of item 5C2.

These results suggested that items 9G2 and 5F2 needed improvement.

Results from Version IV B, physics masters, supported the change .

of item 5F2. Results on 9G2 by masters was .commendable suggesting
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that this item was likely a higher order proportional reasoning

level. Tbe item discrimination information of Table 5.15 con-

firmed the need for replacement of items 9G2 and 5F2 and suggested

that appropriate replacement items would be items 12F2 and 2F2.

Version V B

Test Version V B was obtained by a reworking of the V A

results. Items 9G2 and 5F2 were replaced with items 12F2 and 2F2.

The results for these items were appropriately assigned and the

overall test results recalculated. Pupil performance on this, the

final test version, is summsrized in Figure X. Seventy-four per

cent (317) of the 427 total pupils were clearly identified with a

proportional reasoning level. Tdble 5.17 sunmprizes the Figure X

results in terms of percentages of pupils attaining each

proporti onal reasoning level.

Table 5.17

Proportional Reasoning Levels of Grade 8 Pupils on Version V B

Number Level Stage Per cent

98 0 Preoperational 23

58 Transitional 14

67 I Concrete 1 16

42 Transitional 10

60 II Concrete II 14

10 Transitional 2

60 III Formai I 14

32 iv Formal II 7

Total 427

118



101

427
Grade 8
Pupils

162
11

32

92
J11 bo

1110

70
110 60

1100
271
1 9

loll

37
101 28

lolo
109

lo 5
1001

72
100 67

1000

12
011

0110

01 2
0101

22
010 20

0100
156

3
k 0011

19
001 16

0010
122

oo 5
000l

103
000 98

0000

Figure X. Pupil Performance on Test Version V B

119

ro......r".,, ******* ......w.........Mmt,p.,..........A.W.Istn.ITMWVIIMMOT



102

Tdble 5.18 presents pupil responses by item for Version

V B. The replacement of the two Level IV items did improve the

test.

Table. 5.18

Version V B Responses of Grade 8 Oak Grove Pupils

Level I Items

Test Item 14C1 11C1 ,9C1 4C1 2C1 1C1 : Average

% Correct ,

Responses 68 71 72 59 64 57 65

N = 427

Level II Items

Test Item 1142 11C2 10C2 5C2 3C2 1C2 Average

% Correct
Responses 66 55 69 35 50 53 55
N = 427

Level III Items

Test Item 18F1 17F1 11F1 101. 8F1 2F1 Average

lo Correct
Responses 46 34 55 57 39 59 48

N = 427

Level IV Items

Test Item 19F2 15112 10F2 12F2 2F2 IF2 Average

go Correct
Responses 33 37 45 28 33 26 34
N = 427

Table 5.19 presents data which confirm the homogeneity of

items by level and relates the discrimination these items have.

There is consistency between the nuMber getting the items correct

and wrong by level. The average scores on the items of those who
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Table 5,19

Version V B Item Discrimination

Test # Getting # Getting Average Score on Point

Item Item Item This Level Biserial T

Question Number Correct Wrong Corrects Wrongs Correlation* Value

Level I Average

Level II Average

1.1 1

1-2 5

1.3 20

1-4 15

1.5 9

1.6 23

289 138

302 125

306 121

253 174

273 154

243 184

278 149

76,1 41,9

74,6 41,9

74,6 40,9

77,9 46.4

73,9 49,4

80,1

76,2 44.3

598

.558

,568

579

,441

,649

,565

15,38

13,85

14,22

14.66

10,12

1757

14,30

24 21 284 143 64,9 34,3 .561 13,96

2.2 12 236 191 67,2 39,0 .545 13.40

2.3 18 293 134 65,1 31,6 ,605 15.64

2.4 14 148 279 72.0 45,4 ,491 11,62

2.5 8 213 214 .67,6 41,7 .504 12.02

2.6 2 225 202 66,7 41,2 ,494 11.73

233 194 67,2 38,9 .533 13,06

* All biserial correlations are sipificant at the ,001 level
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Table 5.19 (continued)

Version V B Item Discrimination

Test

Item

Question Number

3-1 7

3.2 24

3-3' ,
17

3.4 11

3-5 13

3.6 3

Level III Average

4-1 16

4-2 19

4.3 4

4.4 10

4-5 22

4.6 6

Level IV Average

# Getting

Item

Correct

# Getting

Item

Wrong

198 229

14.6 281

234 193

245 182

168 259

254 173

208 219

139 288

157 270

192 235

120 307

141 286

109 318

143 284

Average Score on

This Level

Corrects Wrongs

65,4

65.6

61,5

61.9

66,1

61,2

63,6

34.1

39.7

32,9

30.7

37.3

30,1

34.1

at

:ial T

ation* Value

,586 14.92

.461 10.71

.535 13,04

.579 14,65

.528 12,82

,574 14,45

.544 13,43

47,4 21,8 .559 13,90

44,6 21.7 .515 12,38

42,1 20.4 ,505 12.07

39.6 17.3
488 11,52

39,4 16.0 440 13,23

47,6 24.2 476 11.17

434 20,3 .513 12,38

* All biserial correletions are sipificant at the .001 level
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th:- tem correct and those got it wrong axe similar. J:tum

1:1.,-;==ation, as measured by t point biserial corzelation

.,.3feff:L7::_ant, does consistently ap7roximate .500. T-value suggests

correlation values are not due to chance_

SlImmstry

laper-pencil items mere :improved through the changes

A..,,calay based on test results of non-master pupils,

pupils and master pupils.

Performance of comparable pupils on the five versions

in Table 5.20. The items, which are reported

nose 24 of the 76 that mere used in Version U.

kuem homogeneity is evident in the decreasing range

cc:rect. Higher average values inmost levels mere

in -:,he later versions.

under Version I,

Increased

of percentage

also achieved

Table 5.20

=ercentagB Correct on Test Versions by Grade 8 Pupils

Version
Level I

Range Avg.
Level II

Range Avg.
Level III
Range Avg.

Level IV
Range Avg.

I (24 items
only)

43-63 54 25-68 42 25-55 39 10-31 22

TT 48-72 63 7-62 46 21-55 43 10-31 22

III 62-72 66 38-69 56 27-68 47 21-62 34

IV 55-71 65 51-77 55 34-58 48 18-38 34

57-72 65 50-66 55 34-59 48 26-37 34

125



CHAPTER

CHARACTERISTICS OF T STRUMERT

In this chapter, criteria for vriity, reliability and

discrimination of the instrument are ttat:eE.,. The statistical

analysis af the instrument is .deScribef --at;EL judgments are made

regarding the instrument's performance 'Pith respect-to the stated.

criteria.

Validity

Content Validity

Validity of a test is a measure of the degree to which the

test measures what it is intended to measure. One component of

validity is content validity. In accord with Cronbaeh (1960), a

test has content validity if the items in the test require behaviors

for their resolution that are proper to the trait being measured.

The purpose of this test was to measure four levels of proportional

reasoning. Items were written for each of thie four levels. Each

item used, as the question stem, a situation that had been used in

task testing or had appeared in the litera-1=.. Specifications

for writing the responses were that the key, correct answer, would

be a response at the level tested and the &Estractors would be

plausible for lower levels of reasoning.
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mhis _ :ical .721at;onship of item 0.?-- n to theory is

demonstrated the foliowlne examples (sei, ,_aures XI, XII,

and XIV) of it design ,a1r.ea from the tes7L's -Inal version. Th

test had strong contem= velidity because tne items in each level

met the specification: for Proportional reasoning of Piaget and

Inhelder (:1958).

Concurrent Validity

Concurrent validity, as defined by Cronbach (1960), exists

when the test correlates highly positively 7;it. iirect teat

reasures of the same trait as the initial test. Concurrent

validity of the paper-pencil test was assumed to be acceptable when

the pupil paper-penci:_test scores Showed a -mas-±tive correlation

of at least .30 with their corresponding task interview scares.

The criterion value of .30 was based on the range of reported

inter-task correlations -.15 to .55 (Lawson, Nordland and DeVito,

1975). Table 6.1 summarizes the correlations for thirty-five

pupils wno were measureL with bcth tasks and the paper-Penalli_test.

Tasks 1, 2 and 3 are, respectively, the shadow Mr.

Tall taaa and the sled task. Rate 4, Rate 8, and Rate 16 are three

rati= a:themes used to evaluate paper-pencil results. Under Rate 4

every .p=i1 wan assigned to one of four uronortional reaiing

levels, nameI,7 I, II, or IV, with zo tr--,-tional stages.

Under Rate 8 tmansitional stages were fAentified, namely 0, 1.0,

1.5, 2.0, 2.5, 3.0, 3.5, and 4.0. Under Rate 16 the values them-
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Item Design .:Ionc-rete I Stage (Level I)

Key

Distractor

Distractor

Distractor

Distractor

.2=Inzrete I

17:ttasoned

Zziess

Reasoned
Guess

Illogical
Guess

None

Score Criteria

4 SUbject compensates in a qualita-
tive way. 'May match two direct
ordered relations or-use addition
or sUbtraction to .contrast or
calculate. ratios
A <B<C D

J>K>L>M
3 SUbjeet makes erroneous connection

but onevhich involves appropriate
elements

2 Subject'makes reverse ordered con-
nection but involvelements

1 SUbjeet guesses or makes nn ore4Ted
connection - nonsensical

0 Subject makes no response

Item Example

Many buys three tickets to a raffle where 90 tiCkets are sold.

Jame buys one ticket to a raffle where 30 tickets are'sold. Sue-

br.ys three .-.1..:-:ckets to a raffle where 300.tickets are sad.

Wrich-gi:73:2=have about thesame chancr,, of winning

Annwer Stage

D. Jane FlIF-7 Mary because three chances in 90- Concrete I
is-thesame as one in 30

3. Ene-amiM2rrff because each have three tickets Reasoned Gir.i_

A.. Jaz-JR andlilary because theirs are the least

tizhets

Reasoned Guess

U. girls lave the same chance Illogical_ Guess

T hLve no answer None

Figure XI. Lezel I Item Design and Example: Test Item 1
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Item Design Concrete II Stage (Level II)

Key

Distracnor

Distractor

Distractor

Distractor

Item Er_armle

stage

Con=ete II

C=crete I

Reasoned
2aess

I:logical
Guess

72one

Score Criteria

4 Subject orders corresponding
relatl.z.ms (with inverse)

A c,B<C< D
J K > L > M

3 Stbject compensates in some
qualitative, non-ordered way
(or direct not inverse)

2 Subject makes erroneous connection
but one which involves elements

Subject guesses or makes no con-
nection between how-things change

0 Subject makes no response

Four cars have different saeeds: Car kis the,fastest, Car B.the
next f:tstest, Car C the next fastest and Car D the next fastest.
The fa=aest car takes the-least time-to go 200 miles, the next
fastesT, ear the next least-time and so ca. Which car isthe.third
tastes: ri-al takes the third least time tu: go 200 miles?

Answer -Ztage

A. Car 0 because;
1st east:est

1st least time

7L Car C because:
1st most- fPgt

Car A
1st most time

C. NO car because

'B. Car B because:
1 - Car D

2nd fastest
Car B

2nd least time

2nd most fast
Car B

2nd most time

they don't match

2 - Car C

E. I have no answer

3rd fattest
CarC

3rd least time

3rd most fast
Car C

:rd most time

-tra

- Carl'.

Ttc=rete II

:7;amarete I

Reasoned Guess

Ll logical Guess

ffone

Figure XII. :evel II Item Design sta Elmmple: Test Item 12
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Item Design Formal I Sts.ge (Level III)

Key

Stage Score Criteria

Formal I 4 Subject multiplies, uses simple
ratios, contrasts ratios and can .
order them 5/25 2/25
5/25 x 10 2

Distract= Concrete II 3 A rule, usually addition or sub-
traction, is used to contrast or
calculate ratios

Distract= Concrete I 2 Slibject compensates in some
qualitative way

Distractor Guess 1 Subject guesses or makes no con-
nectior_ between how things change

Distractzr None 0 Subject :Low not respond

Item Examnie

Jane is laeft'rrizrfs cn.= a-c--..2.,.4ss on

scale. t will fr-1-3-7-t.e=-1. apcles _U six
amples .Tieir-_17 2 -rour±39

Answer

C. 4 2/3 Its.becausi- 216 x jj. I. 2/3

B. 3 4 :Its. bec=se it I's more

A. because 6 -÷

3 = "10

D. 5 bera.use 2 +. 2 +11 5

E. I have no answer

Stage

Formal. I

Concrete II

Concrete I

Guess

None

Figure Atra. Level II( Trs

1:3'0

Design mnd_Exa.mple : Test Item 24-



Item Design

Key

Formal II Stage (Level IV)

Stage

Formal II

Distractor Formal I

Distractor Concrete II

Distractor Concrete I

Distractor .. None

Item Example

Score Criteria

4 Subject calculates using pro-
portions and recognizes the appro-
priate proportion to be used.AC ACE

3-1 = fi or ff = =

Subject multiplies or uses simple
ratios

2 A rule, uspelly addition or sub-
traction, is used to calculate the
increase or decrease

1 Subject compensates in some
qualitative way

0 Subject guesses or nakes no con-
nection between how things change

On the ra4 illustrated, the cart and its weight are balanced. by
weights on the string. What
400 g of cart weight at 200?

Weight
Angle Cart String
100 200g 35

100 300g 52
200 300g 100
20° 400g

Answer

D. 133 because

A. 133 because
100

x 400 = 133
300

amount of weight is need.ed. to balance

100 133
300 WC)

C. 177 because it goes up 17 for every 100

B. 150 because ic is more

E. I have no answer

Stage

Formal. II

Formal I

Concrete II

Concrete

None

Figure XIV. Level IV Item Design and. Example:
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Table 6.1

Pearson Correlation Coefficients for
Tasks and Paper-Pencil Ratings

N=33

Task 1 Task 2 Task 3 Task Ay*, Rate'4 Rate 8

Task 1

Task 2 .59
s=.001*

Task 3 .37 .27
s=.o18 s=o62

Task Av .83 .77 .73
s=.00l s=.00l s..00l

Rate 4 .40 .31 .25 ,41
s=.011 s=.04 s=.079 s=.009 ,

Rate 8 .36 .29 .24 .38 .99
S=.020 S=.052 S=.085 S=.015 S=.001

Rate 16 .35 ,28 .23 a6 .98 1.00
s=.023 s=.058 s=.096 s=.019 s=.001 s=.00l

* S is significance level

selves were used and ordered in this manner:

0000; 1000, 0010, 0001, 0011; 1100, 0101 1001 0100;
1110, 0110, 0111, 1010; 1111, 1101, 1011

See Chapter 5 for a complete description of these ratings.

Correlations Lixceeding the .30 level were reported for

Task 1 with all ratings, for Task 2 with Rate 4, for Task 3 with

no ratings, for the task average with all ratings.

The test was assumed to have acceptable concurrent

validity since the paper-pencil results reported as Rate 8

(reasoning levels and transition scores) had a Pearson correlation
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coefficient of .38 with the average task score which exceeded the

minimum .30 level and was significant at the .015 level.

Construct Talidity

According to Cronbach (1971), a test has construct validity

if it measures the attribute it is said to measure. It followa

then that if the test does not measure other things, it is

acceptable. Comparison of pupil test performance was made with

pupil task scores and with pupil intelligence scores measured with

the Lorge-Thorndike verbal, nonverbal and total test.

The test had groups of questions for each of the successive-

ly More difficult levels. The observed pupil difficulty levels

between groups of questions were compared.

It was assumed that construct validity would be evident in

the convergence of scores of other measures of the same test.

Correlations between task scores and the paper-pencil scores would

be high, positive and higher than task score correlations with

intelligence test scores.

The Pearson correlations using the scores of the thirty-flre

pupils participating in both task and paper-pencil testing were .36

between average task score and paper-pencil test rating, .53

between task scores and Lorge-Thorndike nonverbal IQ and .35

between task scores and Lorge-Thorndike verbal IQ. Although the

correlation between task and paper-pencil scores was positive and

high, it was exceeded by the value for task and nonverbal IQ
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correlation. It must be mentioned that the correlation between

pamer-peacil.scores and Lorge-Thorndike nonverbal IQ was .58 and

between -msper-pencil scores and Lorge-Thorndike verbal IQ was .30._

It is ,,A.....)ected that the high correlation with Lorge-Thorndike

=on.verbal is from some relationship with what is being measured

ama also from the continuous data provided by Lorge-Thorndike

Additionally, it is a construct of Inhelder and Piaget

(1958) that successive levels of proportional reasoning require

7=rogressively more sophisticated reasoning. Similarly, construct

--TaLidation suggests that the difficulty level of items would be

,..-TpPnted to show an increasing difficulty with higher levels of

7...he test. This is illu.Strated in Figure XV.

70

m 60
a)

0 50
ca

40

30
a)

a) 20
ca

a) 10
<4

0

65%

55

49%

IV
Test'Levels

Figure XV. Average Per Cent Success of 427 Eighth Grade Pupils
at the Four Test Levels
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Further support for this difficulty construct was obtained.

by'comparing the expected difficulty rank of items by group and

the observed difficulty rank. It was expected that in each level:.

all items would have identical rs:aiking, that is
1+2+3+4+5+6

6

every item in Level I. The followiniarray in Table 6.2 resulted.

Table 6.2

Comparison of Observed and Expected Item Difficulties
(# Right),

Test Expected Observed
Item. Rank Rank

Level I

Level 11

Level III

Level IV

1 3.5 4
2 3.5 2
3 35 1
4 3.5 7
5 3.5 6
6 3.5 8

7 9.5 5*
8 9.5 11
9 9.5 3*

lo 9.5
11 9.5 14
12 9.5 13

13 15.5 15
14. 15.5 20
15 15.5 12
16 15.5 10*
17 15.5 17
18 15.5 9*

19 21.5 22
20 21.5 18
21 21.5 16
22 21.5 23
23 21.5 21
24 21.5 24.

* Items of evident discrepancy in rank order.
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A. measure of the continuity of this type of order is the

Spearman rank correlation coefficient (Glass and Stanley, 1970)

which for this array has a value of .87. This value suggests good

construct validity in terms of difficulty rankings.

Discriminant Validity

A test has discriminant validity if it discriminates

between the trait it measures and other traits. Evidence of

discriminant validity was expected in smaller correlations of

paper-pencil proportional reasoning scores with notebook averages

than correlation of paper-pencil proportional reasoning scores with

teacher-test scores. This should be evidenced also in smaller

correlalions of paper-pencil proportional reasoning scores with

verbal IQ scores than with nonverbal IQ scores.

Pearson correlation coefficients with test rating (0, 1,

1.5, 2.0, 2.5, 3, 3.5, 4) were for small group,average, .42; class

test average, .60; notebook average, .22; verbal intelligence, .58;

nonverbal intelligence, .64. These were all statistically signifi-

cant at the .001 level.

Convergent Validity

A test has convergent validity if its:measurement corresponds

to other measurements of the same trait. Convergent validity would

be evidenced in high positive correlations with other tests

measuring the same trait. That is, correlations between task

scores and paper-pencil scores should be high, positive and higher

than those with intelligence scores.
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Convergent validity would be evidenced in results that

compare with the results of other researchers. That is, the

proportion of persons measured to be formal operational should

correspond to the proportions reported in the literature. There

should be noted a positive correlation between proportional

reasoning level and age (pihelder and Piaget, 1958; Karplus and

Peterson, 1970; Lawson, 1973; Hensley, 1974).

Convergent validity would be evidenced in the identity of

components of proportional reasoning. That is, components of

proportional reasoning should account for Much of pupil achievement

and intelligence. Pearson correlation coefficients witirtask

scores for the thirty-five person smile taking both tests and tasks

were: paper-pencil tests, .36; Iorge-Thorndike verbal, .35; Lorge-

Thorndike nonverbal, .53.

The proportions of eighth grade pupils successful at each

level reported in this test were: Level I, 77 per cent; Level II,

56 per cent; Level III, 36 per cent; and Level IV, 13 per cent.

Corresponding values reported for a sample of 75 eighth to tenth

grade pupils were: Levels I and II, 49% and Levels II and IV,

36 per cent (Karplus and Peterson, 1970). For a sample of 30

eighth grade pupils, the results were: Level I and below, 100 per

cent; Level II, 70 per cent; Level III, 20 per cent and Level IV,

one per cent (Hensley, 1974);

The correlation between test rating and age was found to

be -.0498, which was not statistically significant at the .05 level.
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The age correlation of other researchers cited was reported over

ranges of ten to thirty years. The age range of the sample was

about one year.

A principal components analysis identified two principal

components. The first accounting for 44.8 per cent of the variance,

the second 4.7 per cent. The first component loads heavily on

measures of pupil achievement and intelligence. The test had

acceptable convergent validity by these measures.

Summary of Validity

In summary, the test had high content validity, acceptable

concurrent validity, good construct validity', high discriminant

validity and acceptable convergent validity.

Reliability

Reliability is concerned with the fact that repeated

measures should duplicate each other (Stanley, 1971). Measures of

reliability center On the variability of response. In a criterion-

referenced test, then reliability may have a special meaning. As

a criterion for reliability, it MaS expected that the same person

or comparable person taking the paper-pencil instrument or a com-
-

parable paper-pencil instrument should exhibit a comparable per-

centage of mastery. A classical one-form reliability measure

(Hoyt, 1941) was calculated. Individual pupil scores and the total

number of correct responses were used. The reliability coefficient,
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equivalent to the Kuder-Richardson Twenty value, was .78. Data

and calculations of this are in Appendix C.

In a second approach, the criterion-referenced nature of

the testing and the scoring by'category were acknowledged and

Livingston's (1972) approach was used.

This approach afforded a correction for the criterion level '

and the variance limitation'of criterion-referenced'testing. :he

relationship used was:

where:

rc =
rx Cex2(x) + (Te

)2

2

= criterion-referenced reliability

rx = classical measure of reliability (Hoyt, 1941)

de2 = variance of the test scores

= mean of test scores

C = criterion level

The criterion-referenced reliability taus obtained (rc) was

.84, when the criterion level C was taken as 25. This was the level

value for assignment of pupils to be either concrete or formal level

proportional reasoners. Calculations may be found in Appendix C.

The reliability of the test, .84, compared favorably with

other attempts, which ranged from .23 to .76 in the literature.

Using Spearman-Brown split half measures, Lawson and Renner (1975)

2

reported rH = .76 fOrtebiology reasoning level test, rH = .71 kor

a chemistry reasoning level test and rH = .59 for a physics reasoning

level test. DeAvilla and Struthers (1967) used Cronbach's alpha
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measure of reliability and reported these results for a set of

cartoon format paper-pencil tests: conservation, .694; causality)

.550; relations, .001; logic, .227; and total test, .717.

Reliability was also measured on a test-retest basis and

analyzed with the tetrachoric correlation coefficient and the Pearson

correlation coefficient (Nie, et al., 1975). The tetrachoric measure

(rt) relates the reliability of the test to discrJminate concrete

and formal proportional reasoning levels. The Pearson correlation

coefficient describes the relation of test-retest scores on the 24

test items.

The relationships were: rt = .404.tai == .68 for a population

of 94 fifth grade pupils; rt = .70 and r = MX for a population of

419 eighth grade pupils and rt = .32 and r ,47 for a population

of 149 eleventh grade chemistry pupils. Past testing had suggested

that such fifth grade pupils would be largely non-masters of formal

level proportional thinking, eighth grade pupils would be at the

transitional stage between concrete and formal level proportional

thinking and eleventh grade chemistry pupils would be masters of

formal proportional thinking. In the manner suggested by Zeiky

(1974), a sample of 338 fifth grade, eighth grade and chemistry

pupils was randomly selected from those tested to comprise a sample

pf approximately_equal numbers of probable non-masters, transitional

and masters. This composite sample test-retest relationships were

rt = .84 and r = .83. Appendix C contains the calculation data

for these values.
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Summary of Reliability

In summary, the test has high reliability as a criterion-

referenced test. This reliability supports its use as an excellent

group measure of proportional reasoning and a good individual

measure of proportional reasoning.

Item Difficulty

Piaget has described developmental levels of proportional

reasoni=g (Inhelder and Piaget, 1958). The successive develop-

mental:Levels require progresiire4r more sophisticated=reasoning.

It was pected that the paPer-pencil items would show_increasing

difficulty as the higher levels mere measured. It was also

expected that within a level item difficulties would be similar.

Table 6.3 presents these itera difficulties in terms of the

percentage of grade eight pupils from Oak Grove Junior High School

getting the item correct. There was increasing difficulty with

higher levels as expected. The average percentage of pupils

getting items correct by levels mas: Level I, 65 per cent; Level II,

55 per cent; Level III, 49 Per cent; and Level IV, 34 per cent.

Item Dicrimination

'it was expected that items selected for the test should

demonstrate discrimination between masters and non-masters such

that:

1) differences in Percentages correct should be in
agreement with the measured reasoning level of
the pupils (see Appendix E)
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Table 6.3

Item Difficulties in Terms of Performance for 427 Grade 8 Pupils

Item in Final Percentage Getting Average for
Level Test Version Item Correct Level

1 68

5 71
20 72
15 59
9 64
4 57

21 67
10 55

69
14 35
8 50
2 53

7 46 ,

23 34

55
11 57
13 39
3 60

16 33
19 37
4 . 45
10 28
22 33
6 26

65%

55%

49%

34%

2) r biserial values of .50 or dbove should be
mported between masters and non-masters of
items

3) item distractors selected by a pupil should
match the pupil's reasoning level

Tdble 6.4 presents the percentage of correct item responses

of pupils at five-proportional reasoning levels. The 0 level

represents a pupil who was unsuccessful at achieving four or more
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Table 6,4

Percentage of Correct Pupil Responses in Relation to Pupil Tested Reasoning Level

Questions for

Level I

Questions for

Level II

Questions for

Level III

QuestIons for

Level IV

All N=427

0000

Level 0

X=99

1000

Level I

N=71

1100

Level II

N=62

1110

Level III

N=67

1111

Level IV

N=23

68 71 72 59 64 57 67 55 69 35 5o 53

29 29 48 25 41 17 36 31 39 16 3o 36.

69 82 8o 8o 65 70 53 31 41 8 30 41

go 82 84 74 73 81 92 81 94 55 69 65

46 34 55 57 39 6o

27 19 24 28 16 29

20 21 45 38 24 46

26 16 53 58 27 59

96 94 96 79 84 79 94 73 97 63 81 79 81 61 78 93 67 91

33 37 45 16 25 26

24 26 20 10 15 27

24 27 34 6215

21 31 58 16 21 15

36 39 63 13 22 16

loo loo 96 83 87 96 loo 91 loo 65 74 63 91 65 83 87 83 loo 91 91 83 57 57 7o
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correct responses at any of the four proportional reasoning leVels:

1 - Concrete I, 2 - Concrete II, 3 - Form I, or 4.- Formal IL. A

Level I pupil achieved four or more,correct responses at Level I

but failed criterion achievement at otherlevels, 1000.-A, Level II

pupil achieved four Or more correct re6ponses at both Levels I and.

II, but failed criterion achievement at Levels:III and IV, 1100,

and pc, en for Level III, 1110 and Level IV

discrimination across the level was evident at the line on the

table separating the master and non-master levels. This line for

questions in Level II shoms that level respectively 53, 31, 41 8,

30 and 41 per cent of Level I pupils correctly answered these

questions while 92, 81, 94, 55, 69 and 65 per cent of Level II

pupils respectively correctly answered them. Clearly the item

collections were capable of discriminating the masters frcma the non-

masters.

AS an item discrimination index the biserial r correlation

coefficient, rbis, was calculated for each item. It was expected

that these values would be .50 or greater. As reported in Table 6.5,

only six of the twenty-four items failed to meet this criterion.

Test items had good discrimination according to this measure.

Item design required that the key, or correct answer, and

the distractors, or other answers, all be written at different

reasoning levels. This was intended to make the correct answer

and other answers appeal to,Tersons at each reasoning level.

Level V items had answers apprppriate to all four reasoning
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Table 6.5

Iten Discriudnation

Level Item r Biserial T Value Significance 425 d.f.

II

IV

1 .5992 15.4292

5 .5557 13.7778
20 .5673 14.2011
15 .5809 14.7110

9 .4420 10.1571
24 .6473 17.5075

21 .5620 14.0085
12 .5471 13.4731
18 .6057 15.6926
14 .4880 11.5266
8 .5061 12.0961
2 .4959 11.7713

7 .5871 14.9497
23 .4592 10.6555
17 .5352 13.0616
11 .5797 14.6676
13 .5291 12.8531
3 .5780 14.6031

16 .5584 13.8763
19 .5317 12.9411
4 .4773 11.1979
lo .4527 10.4673
22 .5243 12.6943
6 .4595 10.6646

< .001

< .001

< .001

< .001

levels as illustrated in the problem below:

19. A freeway driver keeps track of the distance he traVels. He
finds that in 4 minutes he travels'3 miles/ in 10 minutes
7i miles. If he continUes at this speed, how long will it
take him to travel 10 miles?

Distance Time

miles 4 min.
7-2. miles 10 min.
10 miles :? min.
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A. About 13 minutes because Level IV F,:rmal II

4 min. 10 min. 13 1/3 min.
3 miles 7.5 miles = 10 miles

B. About 13 minutes because Level II Concrete II_

10 - 7 = 2i miles and
10 + = 121 min.

C. About 13 minutes because Level III Formal I
4
-s- x 10 = 13 1/3

D. About 14 minutes because
7i + 3 = 3.0i and
10 + 4 = 14

Level I Concrete I

E. I have no answer. Level 0

A more complete discussion of this item design may be found in

Chapter 5.

A cross tabulation was made of item responses with pupil

levels for each item in Level TV. For item 19 the cross tabulation

was that found in Table 6.6. In the table it may be read that for

58 pupils of Level III, four sele..ted a Level 0 response, eight

selected a Level I response, thirteen selected a Level II response,

fifteen selected a Level III response and only eight selected a

Level IV response.

These cross tabulations suggested that the item design

:worked. Pupils did select answers appropriate to their reasoning

level. Table 6.7 shows that for only items four and six was this

selection pattern not significant above the .001 level.



Table 6.6

Cross Tabulation of Pupil Response, and,Pupil Level for Italia:19

Fug.il

Level 0
Response Level

I II III IV
Totals

0 14 8 18 10 17 67

1 5 13 13 9 11 51

II 5 13 9 8 . 16 51

III 4 8 13 15 8 58

ali 0 1 1 1 23 26

Totals 28 43 54 43 85 253

Chi-square = 56.16 with 16 degrees of freedom
Significant at < .00001

Table 6.7

Cross Tabulation Significance for Level IV Iteinc

Item in Final
Test Version Chi-square Significance

16 56.465 H < .0001

19 56.161 < .0001

10 52.159 < .0001

4 27.456 .0367

22 78.902 .< .0001

6 39.668 0055
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stunmary

The test instrument appeared to have high content validity

and good construct validity. Reliability of the instrument vas

good. Items mere excellent in their discrimination and generally

appropriate in difficulty.



CHAPTER 7

CONCLUBIONS

Review of Purpose and Procedure

The purpose of this study was to develop a paDer-pencil

instrument to evaluate pupil proportional reasoning levels and to

demonstrate how the application of principles of criterion-

referenced test design could be used to build, validate and use

such a test.

Individual task-testing of a representative group of forty

pupils was used to establish a reference group for paper-pencil

testing and to determine probable topics for test items. Paper-

pencil testing of pupils who by reason of age were assumed to be

non-masters,at the transitional stage, and masters was conducted.

Analysis of item responses after each testing was used in item

improvement. 2027 pupils were tested in arriving at the final

test and the description of its characteristics. Five major

revisions were made of the item sets comprising the test. The

final test form consisted of twenty-four items with.four subtests

each of six items for Piaget levels Concrete Operational I,

Concrete Operational II, Formal Operational I and Formal

Operational II. The final test was completed by 90 per cent of

the pupils in a 30-minute testing period.
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Findings

The final test version was analyzed to describe the test

characteristics. It was found that:

1) The paper-rencil test results correlated with the
initial task results of a group of 35 pupils taking
both tests. A value of .36 was obtained for the
three task average and the final test sceres.

2) Content, concurrent construCt, divergent an&
'convergent validity were established for the paper-
pencil test.- The tett by all measures must be
considered valid.

3) Reliability was assessed by the Kuder-Richardson-20
approach as modified by Hoyt. The reliability
coefficient .77 suggested good reliability for the
test. Reliability, calculated according to
Livingston (1972) for criterion-referenced test, was
.84. The .84 value suggested that the test had high
reliability.

130

Reliability calculated from test-retest-results
established a Pearson.value of .83 for overall
reliability and a value of .84 for the discrimination
of formal and concrete levels.

4) Good item discrimination between proportional
reasoning levels was established. The item design
utilizing correct answers but different reasons was
successfUl.

5) Pupil levels of proportional reasoning determined in
the testing agree with those of other researchers
(Hensley, 1974; Lawson, 19731 Karplus and Peterson,
(1970). In contrast with Inhelder, Piaget's (1958)
results, lower proportions of thirteen-year-olds

were found to be formal operational in proportional
reasoning in this study than in that of Piaget.

Educational Implications

The results of this stuay tended to confirm the study of

Gray (1970) who found that paper-Tenon measures of Piaget levels
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of cognitive development may be developed and that criterion-

referenced test theory of Hambleton and Novick (1974) is effective

in test design.

Efforts for paper-pencil tests of Piaget measures in

other areas of cognitive development could be developed following

the strategy used in this study. Control of variables, higher

order proportions, causal relationships and functions are examples

of areas certain to be of interest in science education.

The group test of this study and others like it should be

used by teachers in evaluating the level of proportional reasoning

in their classes. It has been expressed as a concern (Almy, 1973),

that teachers recognize the level of thinking of their pupils.

Present science curricula, resulting from the activities of

the sixties, do demand formal reasoning. The Piaget levels

required in the science process skills are formidable (Wood, 1974).

This measurement tool and other; developed in this manner

should aid teachers in locating the level of their pupils' cognitive

development. In an era where broad range achievement and intel-

ligence tests are under criticism, such a specific measure would

aid in diagnosis. The large scale testing possible with this

paper-pencil instrument will support improvement in curricula,

teaching stragegies and organization for instruction.

Curriculum design needs attention. Measures of pupil

cognitive development are needed. Group testing with this test

and others to determine both the range and mode of these levels
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world provide a solid base for curriculum design and would help in

correcting past errors.

Limitations of the Study and Suggestions
for Further Research'

This study was limited to the development of a paper-pencil

instrument to measure proportional reasoning in eighth grade pupils.

Research is needed in the applicability of this instrument over a

broad range of pupil ages. The original attention to reading-level

and empirical improvement of items would have to be repeated with

large groups of pupils at the levels to be tested. Longitudinal

studies of cognitive development with a group paper-pencil measure

would then be possible.

The results of the study indicate that the test is a valid,

reliable measure over the populations tested. Testing across other

socioeconomic and cultural groups would extend the generality of

the test. Some task testing to establish performance traits,

additional items for item improvement would be necessary. The

item improvement computer programs used in this study would support

additional items for alternative selection.

This study was directed toward the development of a single

paper-pencil instrument to measure proportional reasoning. Con-

tinued large scale use would allow the development of alternate

forms through which further reliability measures could be made and

curriculum research supported by pre-post testing wlth these

alternate forms.
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The proportional reasoning measure developed in this study

should be complemented by the development of parallel measures

including control of variables and logic. The test development

strategy could follow that which proved to be successful in this

study.
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Pearson Correlations between Pilot Task Scores and Written Test
and Intelligence Test Scores

Pupil Task Paper
Lorge-Tborndike

Verbal Nonverbal Total

1 1.8 1.96 89 97 93
2 3.0 1.40 118 121 120
3 3.6 3.53 - - -
4 .6 1.60 75 65 70
5 1.8 3.48 128 142 135

6 3.2 2.48 111 130 121
7 2.8 2.41 108 138 123
8 1.6 2.32 86 101 94
9 3.6 2.54 118 136 127

10 .8 .95 70 85 78

11 3.0 1.88 107 106 107
12 3.0 103 121 112
13 3.2 2.16 116 119 118
14 1.0 88 97 93
15 3.6 -

16 3.2 2.36 101 105 103
17 2.6 2.24 103 111 107
18 1.4 2.56 81 90 86
19 3.6 1.88 104 108 106
20 2.6 84 97 91

21 2.8 3.04 114 130 122
22 3.6 3.76 145 127 136
23 2.4 3.33 111 117 114
24 2.2 2.56 109 120 115
25 2.0 3.12 109 112 111

N Ex E2x Ey E2y Exy ST"

Task/Paper 21 52.8 349.6 51.6 137.3 134.2 2.51 2.46 .35

Task/Verbal 23 55.8 153.4 2378 252664 6017 2.43 303 .709

Task/Nonveibal 23 55.8 153.4 2575 295933 6494 2.43 112 .665

Task/Total 22 55.8 153.4 2482 274452 6269 2.43 108 .713

Paper/Total 20 48.0 124.8 2186 244978 5404 2.40 109 .646
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Relationships between Task, Paper-Pencil
and Intelligence Test Scores

Pupil

Lorge-Thorndike
Task Paper- Non-
Av. Pencil verbal Verbal Pupil

Lorge-Thorndike
Task Paper- Non-
Av. Pencil verbal Verbal

1 2.3 1.00 111 110 19 2.3 1.25 111 111
2 3.7 2.25 135 124 20 2.3 1.00 106 97
3 3.3 2.50 126 108 21 1.7 2.00 98 106
L. 2.3 1.00 124 117 22 2.3 2.00 105 104
5 2.3 4.00 126 97 23 3.0 3.00 106 122
6 2.0 2.25 133 111 24 3.0 3.00 110 120
7 1.3 1.00 97 109 25 2.3 3.00 126 118
8 1.7 0.00 109 112 26 1.0 0.00 86 92
9 2.7 0.67 121 118 27 3.0 3.25 137 120

10 3.7 2.25 121 101 28 3.3 2.00 129 119
11 1.7 3.00 123 '115 29 2.0 3.50 123 126
12 1.0 1.00 97 93 30 1.7 0.00 115 106
13 2.0 1.25 88 79 31 1.3 0.00 82 103
14 4.0 0.00 115 122 32 2.0 2.50 130 121
15 2.7 2.00 125 117 33 2.3 1.75 132 98
16 2.7 1.00 113 94 34 1.7 0.00 121 114
17 1.3 0.00 99 86 35 2.0 0.00 91 102
18 2.3 0.00 90 90

N Ex E2x Ey E2y Exy

Task/Paper 35 80.2 203 53.4 131 133 2.29 1.53 .36

Task/Nonverba1 35 80.2 203 3961 456265 9285 2.29 113 .53

Ta5k/Verbal 35 80.2 203 3677 4ce276 8623 2.29 105 .35

Paper/Nonverba1 35 53.4 131 3961 456265 6413 1.53 113 .58

Paper/Verbal 35 53.4 131 3683 401531 5874 1.53 105 .30
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I 1. Projection of Shadows 1-iensley, 197411

Thinking tested
Schema of proportions
Inverse proportions - physicar

Material

A screen, 30 am x 30 cm, is used to Observe the shadows.

The shadows are made by three wire rings, 3.0 cm, 6.0 cm, and 9.0 am

in diameter. Each ring has a support wire. The length of the sup-

port wire is such that the center of each ring is 12.5 cm above the

bottom of the support wire. The rings are made from different

colors of wire as follows: 3.0 cm (white), 6.0 cm (red), 9.0 am

(black). The rings are held vertically on a meter stick by optic

bench screen holders. The meter stick has only marks at each

10 cm length. Each mark is labeled with the following letters: N,

R, M, K, G, F, A, B and O. A clear light bulb is supported at one

end of the beam. The center of the bulb is 12.5 cm above the top

of the beam. The light is turned on and off by connecting or dis-

connecting the cord to the 6 volt battery. One meter stick marked

in centimeters and millimeters is provided for the student to use.
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Introduction

"Here is a board, a light and a screen. I can put up one

ring (6.0 am) on the board (at 50 am) and then when I turn on the

light (do it), I.get a shadow of the ring on the screen."

Question

Initially seek out predictions of the effects of ring size

and ring position on the shadow with questions such as: "What

would you predict will happen if I use this smaller (3.0 am) ring?"

"What else could change the size of the shadow?" "How?" Do what

is suggested.

Culminating Question

"How might I make just one shadow using two rings? Explain

yby this works?"

Scoring Criteria

Stage Criteria Score

The subject represents the shadow in the way 0
the object appears to him. He does not per-
ceive how the shadow is formed on the screen.

IIA The subject recognizes that the size of the 1
shadow depends on the size of the object. His
knowledge goes no further.

IIB In addition to the ring-size dependence of the 2
shadow demonstrated in. IIA, the subject,suggests
qualitatively that the distance affects'the
shadow size, the closer the Object is to the
screen, the smaller the shadow.

IIIA The subject quantitatively compensates between
distance and shadow size, between distance and
diameter, but is not generalized as a rule. The
subject begins to measure distance from the light
source.
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Scoring Criteria (continued)

Stage Criteria Score

IIIB From the start the subject measures both the 4
distance from the light source and the diameter
of the rings. He looks for a numerical
hypothesis based on the dtvergent structure of
the light rays. The sUbject is able to state
in a numerical form the general relation for
the two rings to have just one shadow.
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I 2. Mr. Short and Mt. Tall (Karplus and.Karplus, 1970) I

Thinking tested
Schema of proportions
Direct proportion - geametric

Material

Paper sketch of Mr. Tall
Large paper clips
Small paper clips
Chart

Biggies Smallies

4...:
1.

Big Small

Mr. Tall

Mr. Short

Mr. Tall

Mr. Short

3

2

2

Introduction

"I have here a picture I call Mx. Tall. He measures about

3 big paper clips, that is, biggies from head to toe." Measure and

write on chart. "Mx. Small, whom I don't have here, looks just

like Mr. Tall but Nr. Small measures just 2 biggies from head to

toe." Write on chart.

Question

"Measure Mr. Tall in small paper clips (smallies) and then

predict what height Mr. Small would be if you could measure him

in smallius7 Explain haw you got your answer."
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Scoring Criteria

Stage Criteria Score

Subject guesses, gives answers with no 0
compensations.

IIA Subject qualitatively compensates, "It
should. be smeller" with no rule.

ITB Subject compensates through inappropriate 2
but consistent addition or subtraction.
"It was 2 biggies less so it's 2 smallies
less."

IIIA Subject quantitatively compensates. Subject 3
works through some multiple or a multi-
plication factor.

IIIB Subject states a proportion with numbers
in his solution.
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1 3. Sled (Piaget, 1970) I

Thinking tested
Proportional reasoning
Direct as square
Physical

Material

A 30 cm grooved ruler with a steel backing mounted so

that marbles may be rolled down it. Electric stop watch.

Introduction

"Imagine that this is a hill on which you are sledding and

you staxt at the top and go down like this. maXble (let the narble

roll down chute, have watch running).- IMagine you'had a Watch."

Question

"Suppose, as you called out, each second as you went down

the hill someone placed*flag just where you wexe at that time.

Sketch how the flags would be separated. Explain how you got

your answer."
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Scoring Criteria

Stage Criteria Score

Subject's pattern is erratic or he has no 0

pattern

IIA Subject's pattern illustrates some notion 1

of speed

IIB Subject shows some kind of acceleration but 2
without a constant pattern

I

I

IIIA Subject's pattern relates constant
acceleration

IIIB Subject's pattern relates constant
acceleration and saject states an overall
rule. "All the time you would go faster
and faster."

3

4



I 4. Angle I

Thinking tested
Proportional reasoning
Direct proportions
Geometric

Material

Two rods are laid oub perpendicular to a numbered

measuring grid. The orange rod is 16 units long, the yellow rod

is 10 units long. Then the orange rod is turned to another angle.

Introduction

"you can see the orange rod measures 16 units. The

yellow rod measures 10. Now, if I turn the orange one, it will

cover 12 units."

Question

"Can you predict how many units the yellow rod would

cover,if I moved it to the same angle? Explain how you got your

answer."



Scoring Criteria

Stage Criteria Score

Subject guesses. The answer has no support - 0

"looks like it."

IIA Subject velitatively compensates. 1
"It should be smaller."

IIB Subject compensates quantitatively through 2

addition or subtraction. "SUbract." Go back 6.

IIIA Subject quantitatively compensates using some 3

multiplication or fraction. It should be
less than 6 difference.

IIIB Subject refers to a general solution. It is 4
proportional. The proportion 10/16 is the
same as 5/53.



r 5. Balance
I

Thinking tested
Proportional reasoning
Direct proportion
Physical

Materials

g 13

A light, unequal arm balance has hooks for weights and

there are 7-10 identical weights available.

Introduction

"Two weights just balance three on the other side. If I

add two more on the.right, I will have 4 weights."

Question

"Can you predidt how many I will have to add on the left

to balance again? Haw did you get your answer?"

Scoring Criteria

Stage Criteria Score

Subject guesses or has na answer 0

IIA Subject compensates qualitatively 1

IIB Subject compensates using some addition cr 2

subtraction 6 - Add up
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Scoring Criteria (continued)

Stage Criteria Score

MA Subject uses a ratio or multiplication 3

factor 2=3 so 4=6

Subject uses an appropriate proportion and 4

states Some rule:-
= 3 small ones

, 3 ; = 9 small ones



I 6. Flag Pole

Thinking tested
Proportional reasoning
Direct proportion
Physical

Materials

/ N 8 7

Two rectangular wooden beans are laid out on a measuring

grid. A high intensity light source is arranged to produce

shadows.

Introduction

"The green rod you can see is about 8 units long. The

blue one is about 5, When I set up the blue rod and the 1aMP,

the rod has a shadow 10 units long."

Question

"Predict the nuMber of units of shadow I would get if I

set up the green rod in the same way without moving the lamp.

How did you get your answer?"



Scoring Criteria

Stage Criteria Score

No answer or a guess 0

IIA Subject qualitatively compensate 1
13 It's smaller"

IIB Subject uses subtraction for a more quantitative 2

compensation
"4 I just sUbtracted"

IIIA A ratio or multiplication factor is used 3
5/8 . 10/16

IIIB An appropriate proportion is used and a rule. 4
stated .

"The short one is half as tall so the shadow
mill be half as tall."



I 7. BB Square I

Thinking tested
Proportional reasoning
Direct as square
Geometric

Material

4:11.kg:

A square 2 units on edge, a sqpnre 3 units on edge, and a

ruler are set out before the subject. The larger square has a

small edge so that it may be covered with BBs.

Introduction

"It takes just 10 DBs to cover this small square." Do it.

Question

"Predict how many BBs would be needed to cover the large

square. How did you get your answer?"

Scoring,Criteria

Stage Criteria Score

Subject has no answer or guesses 0

IIA Subject qualitatively compensates 1

"10 because it's less"
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Scoring Criteria (continued)

Stage Criteria Score

IIB Subject uses addition to compensate 2

2 1 = 3 140 + 70 = 210

IIIA Subject uses a ratio or a multiplication
factor 3/2 = X/140

IIIB Subject uses appropriate proportion employing 4

some rule
9/4 = X/140 About 300. Because it's the
area.
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I 8. Pattern I

Thinking teste6.
Proportional reasoning
Direct as square proportion
Geometric

Material
Ilniiii11101111

P211111111111111i.I

vel

A pattern type drawing and a larger grid are presented to

the subject.

Introduction

"A small doll sized collar made with the pattern shown

uses 12 square centimeters of material."

Question

"Hew much material is there when I make a collar like this

from a pattern drawn on these larger squares?" Haw did you get

your answer?"
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Scoring Criteria

Stage Criteria Score

Subject guesses or has no answer 0

IIA Subject qualitatively compensates 1
"20 because it's bigger"

IIB Subject useaddition as a quantitative 2
compensation
"36 becauce 32+12+12=36"

IIIA Subject uses multiplication or a rpt.io
"3x3=9 1/9 = 12/81"

IIIB Subject uses an overall rule
"It should be 3 x 3 as much because it goes
up as length x width"
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I. 9. Frosting

Thinking tested
Proportional reasoning
Inverse as square
Geometric

Material

A 4 cm x 4 cm wood square, a 10 cm x 10 cm wood square and

a thin cardboard 4 cM x 4 cm square are laid out before the subject.

Introduction

"Imagine that this is frosting which has been spread out

just 1/8" thick over this small cake."

gpestion

"Can you predict what would be the thickness of this same

amount of frosting if it were to be spread out over the larger

cake? How did you get your answer?"

Scoring Criteria

Stage Criteria leore

Subject has no answer or reason 0
"I don't know"



Scoring Criteria (continued)

Stage Criteria Score

IIA Subject qualitatively compensates 1
"It would be less"

IIB Subject quantitatively adds or subtracts 2

"It's 6 more so about 1/14 to 1/16"

IIIA Subject calculates using a multiplication 3
factor ratio
16/100 x 1/8 = 1/50

IIIB Subject uses an appropriate proportion

16 X
100 lig

14-



1 10. Paint 1

Thinking tested
Proportional reasoning
Direct proportion
PhysLcal

Material

A small (1 ml) measuring spoon, some "Tang" orange drink

and a 60 ml and a 250 ml beaker of water are set out on the table.

Introduction

"If I add.tw measures of Tang to the water in my small

60 ml beaker, I get a certain color and sweetness." 'Show this.

Question

"How much water should I add. to make the same color and

sweetness with 5 measures of Tang? Haw did you get your answer?"

Scoring Criteria

Stage Criteria Score

Subject guesses or has no prediction 0

IIA Subject estimates with some vslitative 1
compensation



Scoring Criteria (continued)

Stage Criteria Score

lID Subject predicts with some addition or 2

subtraction
" 6 because 250/60 = 4 So 2.4 4 6"

IIIA Subject utilizes a multiplication factor 3

or ratio
"About 8, 60/250 . 4, 4 x 2 = 8"

MB Subject utilizes the appropriate proportion 4

and relates some general rule
"For the same color it would be proportional"

2/60 = X/250



1 11. Speed

Thinking tested
Proportional reasoning
Direct proportion
Physical

Material

A cart is pulled by the experimenter with a 50 am length

of string. A meter stick graduated into centimeters is used for

measuring. An electric tither gives digital readings of time in

tenths of a second.

Introduction

"I am going to pull this cart aiong. I want-you to time a

30 cm run. The clock starts when you push it and stops when you

push it. Try it. Nbw do it with the run. Start! Stop! It took

seconds to go 30 cm."

Question

"If I were to continue pulling it along in the same way,

how long you1d it take to go 50 cm? Explain how-you got your

answer."
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Scoring Criteria

Stage Criteria Score

Subject guesses or has no prediction 0

IIA Subject qualitatively compensates 1
"It should be more, about seconds"

IIB SubjeCt quantifies his approach through 2

addition
"It's 20 more am so it should be 20 seconds
more"

IITA Subject consciously applies a ratio or 3
multiplication factor

IIIB Subject recognizes and states a general law. 4
Subject uses proportion.
"The car is going the same speed so...."
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E12. Boyle

Thinking tested
Proportio-al reasoning
Inverse proportion
Physical

Material

Bricks Syringe

0 30 cc
2 20
4 10

A brick is balanced upon a sealed.off graduated syringe

to compress the trapped air. Some extra identical bricks are

nearby.

Introduction

"This syringe, with its trapped air, feels kind of squashy."

Subject tries it. "With no bricks the syringe readz 30 cc; I'm

going to add two bricks. Watch what happens." Add reading to

chart. "Next see what happenZ with four bricks." Add reading to

chart.

Question

"Can you predict what reading the syringe should have with

five bricks on it? How did you get your answer?"



Scoring Criteria

EIRge Criteria

Subject has no reason, maybe no answer

IIA Subject estimates qualitatively.
"It will be less"

--, Score

0

1

IIB Subject uses some subtraction for a somewhat 2
quantitative approach
"It should be 3 less"

IIIA Subject calculates quantitatively with some
multiplication factor
2 x 20 = 40 4 x 10 = 40 5x8=1O

IIIB Subject calculates from differences using
a sort of rule
"5 bricks means the volume = 8
Because 4/5 = x/10 so x = 8"
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1 13. Population 1

Thinking tested
Proportional reasoning
Direct as square
Physical

Material

0 0

A 50 unit ruler, a square 10 units on edge and a square 18

units on edge were set before the subject. 3 markers were placed

on the 2 measure square.

Introduction

"If just 3 cows can live on this much grass, 10 x 10 units,

mhat is the most nuMber of cows that can live on a plot of grass

that is 18 x 18 units?"

Question

"How did you get your answer?"

Scoring Criteria

Stage Criteria Score

Subject guesses or makes no prediction 0
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Scoring Criteria (continued)

Stage Criteria Score

IIA Subject qualitatively compensates
"About 5"

IIB Subject uses addition to quantify his answer
"11 cows, 18 is 8 more than 10

8 3 = 11"

IIIA Subject uses a ratio or a multiplication
factor possibly inappropriately
10 3

about 5

1

3

IIIB Subject projects a general rule'into the data 4
and uses appropriate proportions

52 25 3

92 a about 10
"About twice as large a square has 4 times
as much grass"



1 14. Probabilii71

Thinking tested
Proportional reasoning
Direct proportion
Physical

Material

5 clear packets each containing 2 red and 3 yellow gum

drops and a paper bag are placed in front of the observer.

Introduction

"Notice that this bag has 2 red and 3 yellow gum drops.

Suppose you were to close your eyes and reach into the sack. You

could then get either a red or a yellow gum drop. Suppose now

empty all of these into the paper bag."

question

"What chance is there that you would get a red gum drcp?

How did you get your answer?"



Scoring Criteria

Stage Criteria Score

Subject has no reason or calculation and
possibly no answer
"I don't know"

IIA Subject estimates with some qualitative
compenSation
"It's probably yellour because there are
more yellow ones"

0

1

IIB Subject predicts with some addition or 2

Subtraction to compensate
"Now there are 5 extra chances for yellow,
because there axe 5 more yellows"

IIIA Subject quantitatively compensates with
a multiplicative or ratio factor
"It's 2 to 3 for reds to yellows and now
it's 10 to 15 or the same"

IIIB SUbject quantitatively compensates relating 4

a general rule
"2 to 5 for red and 3 to 5 for yellow. There
are 2 reds to 5 candies and 3 yellows to 5
candies. Putting in more keeps the same
ratios"



1 15. Pulley (Karplus_, Karplus and Weinman, 1974) I

Thinking tested
Proportional reasonilig,
Direct proportion
Physical

Material

A system of two pulleys, one 3" in diameter the other 2"

in diameter, mounted on the same shaft are arranged so that as one

turns the crank one pulley pulls string in while the other lets it

out. These rArings pull markers along a meter stick.

Introduction

"Hold onto this end (left) while I hold the other (right).

Now notice as I wind the crank, your end (sUbject) has moved 20 am

while mine has moved 15 am."

Question

"How far will my string move when yours moves 5 cm? How

did you get your answer?"
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Scoring Criteria

Stage Criteria Score

Subject guesses. The answer has no reason
or calculation.
"I can't explain it. I gueSsed."

IIA Subject estimates -with same qualitative
compensation outside of any comprehension
of the task or any rule.
"When I had 10 you had 15, so when I get 6
you should get more, about 8."

IIB Subject cuantitatiVely compensates with
addition or subtraction without regard to
any physical relationship.
"Zero 20 - 5 = 15 so 5 - 5 = 0"

IIIA Subject quantitatively compensates with
some multiplication factor. Does not seek
out physical rule.
"20 matches with 15 so 5 shuuld match with
about 4."

IIIB Subject quantitatively compensates seeking
out a proportional relationship and a
physical rule.
"15 is 3/4 of 20 -- so 3.75 is 3/4 of 5.
The big pulley goes 4 for the little one's 3."
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...ler (Karplus, Karplus and Wollman, 1974) I

Thinking tested
Proportional reasoning
Direct proportion
Physical

Material

sf itri/k//11111,/4 4/11144,t4Ptititir st4 P At

/ root etcler

On a centimeter and inch graduated rule, a 4" long pencil

is placed.

Introduction

"Notice that this length of pencil extends about 4 units

on the inch scale and about 10 units on the centimeter scale."

Question.

Suppose I were to put down a pencil that covered 5 inches.

How many centimeters might it cover? How did you get your answer?"

Scoring Criteria

Stage Criteria Score

Subject guesses. Makes no calculation. 0

"I guessed."

IIA Subject estimates with qualitative compensation 1

IIB Subject quantitatively compensates through 2
addition or subtraction.
"10 is 6 more than 4 so for 5 I would get 9."
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Scoring Criteria (continued)

Stage Criteria Score

Subject guesses. Makes no calculation.
"I guessed."

Subject estimates with quali' ore

compensation

IIB Subject quantitatively compensates through
addition or subtraction..
"10 is 6 more than 4 so for 5 I would get 9."

0

2

IIIA Subject quantitatively compensates -without 3
reference to any general relationship.
"With 4 i-ds 10 so with 5 it's about 13."

IIIB Subject quantitatively compensates iterating 1.

the relationship of inches and centimeters.



I 17. Weight I

Thinking tested
Proportional reasoning
Physical

Materin1

WeighEs are placed off center on a light rod.. Separate

spring scales measure the weight on each side of the rod. An .

additional three weights are nearby.

Introduction

"You can see tha.6 these scales show how much.weight each

set of wheels carry." Examiner lifts slightly one weight.

Question

"Now, can you predict how much each scale will register

if I add three more weights for a total of 5 weights? How did you

get your answer?"



Scoring Criteria

Stage Criteria Score

Subject has no reason or explanation and 0
possibly no answer.
"I guessed."

IIA Subject estimates qualitatively some 1
compensation
"About 6 and 2."

IIB Subject compensates with addition'
"5 and 3 because it's one more"
"6 and 4 because it's two more"

IIIA Subject quantitatively compensates with
some multiplication
"It's 2 to 1 so with 5 it must be about
10/3 to 5/3"

IIIB Subject states a general rule
"With 5 it must add up to 10 and be in the
ratio 2/1 so it's about 6 and 3"

2



I 18. Light and Shadow I

Thinking tested
SC'hema of proportions
Direct proportion
Physical

A chart, lamp and "mask" were attached to.a meter stick.

The lamp and scra:-t.a can be moved along the meter stiCk. An

observation scr- 30 am x 30 cm has on its s=face a grid of 1 cm

squares. Light m a bu1b goes out through a "mask" with a 1 am

square hole and -jected a square of light on the screen. The

"light" and "hole are positioned at the same height and at the

center of the Observing screen. Markings on the meter stick are

masked out. Letters note 10 cm marks on the meter stick. A meter

stick with centimeter Inarkings is nearby for use in measuring.

Introduction

"Here is a light, a masking screen, and a chart. The way

it is now arranged it makes a lighted square with four units on the

screen."
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Question

Initially seek out correspondence between change of "mask"

position and the projection with questtons such as: "What would

you predict will happen if I were to move the mask toward the

light? toward the screen?" Do it. "With the "mask" at this

distance from the light, I get a projection just with four units

on the screen. What then should I do to get 16 units on the

screen? How did you get your answer?"

Scoring Criteria

Stage Criteria Score

The subject views the projection in the way 0

it works. He does not perceive haw the
projection is formed on the screen:

IIA The subject recogniz-es haw the projection can 1
be changed by moving the "maak."

IIB The saject suggests how changing the "mask"
location will change the projection size.
The sUbject may use addition or subtraction'
to predict same sizes.

IIIA The subject quantitatively calcu/ates same
predicted relationship between .-'11ze and .

location. The subject measures distances
from the light source.

IIIB ne subject links "Aask" location and
pl-ojection size with an overall model of what
-11 causing the change. The subject states the
r lationship in terms of a proportion.

3



I 19. Incline (Iiensley, 1974) I

Thinking tested
Overall schema of proportions
Direct proportion
Physical

Material

7p

Welch Scientific Company Inclined Plane, Hall's Carriage,

100 gram slotted weights, weight hanger cord, meter stick.

An inclined plane demonstration device was used. State-

ments of mechanical advantage, angles and distances were masked

out where they were printed on the device.

Introduction

"I have here a cart with some weights on it. It can roll

on the incline (demonstrate). It now stays where I put it."
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Question

Seek initinlly all factors the subject can suggest. "What

should I do to make the cart move? What else could I do to mak

it move? up? Down? What other things could be7changed? What

general rule can you suggest that will explain What'will make the

cart move?"

"The cart is now balarv...- 77._7.ti take off 100 grams,

what else should I change to again make it balance? How much

should I change it? How did you get your answer?"

Scoring Criteria

Stage Criteria Score

Subject explains the situation in terms of the 0
totality of the actions vhich he can perform
(he pushes the car up the incline).

IIA The subject perceives the role of the weight 1
on the hook--more weight on the hook, the car
moves up the incline. The subject does not .

perceive the role of the incline.

IIB The stibject is able to compensate the effect 2
of weight with a change in the incline.

IIIA Subject coordinates the role of the weight and 3
inclination. The sUbject can state the overall
rule but does not state the proportion with
nuMbers or make a numerical prediction.

IIIB In addition to the attributes at IIIA, the
subject gives correct predictions, states the
propo=tion with numbers, and may use the
words like its proportions in his explanation.
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APPENDIX C

Calculations of Final Test Characteristics



where

Calculation of Criterion-Referrnced Reliability
for 427 Grar/ Pupils Trsted he Final Version

J-17, 1974

rc =
2

r
x Cex (X - C)

2

r
c
= criterion-referenced reliability

r
x
= classical reliability estimate (Hoyt, 1941) .779

Cr
x
2
= variance of test scores' 20.81

X = mean of test scores 12.13

C = criterion level 15

(20.81) (15 - 12.13)2
20.81 (15 - 12.13)2

rc = .842



Calculations of Sco-re Reliability for 427 Grade 8 Pupils'
Tested with the Final Version

June, 1975

Score Frequency

3 4
4 7
5 19
6 22

7 24
8 30

9 22
10 34
11 34
12 41 SV df SS Variance
13 38
14 19 Total 10247 2561.7048 .2499955
15
16

31
17

Among items 23 212.2389 9.2277782

17 21 Among individuals 426 385.8585 .9057711
18
19

24
16 Remainder 9798 1963.6074 .200409

20 10
21 33
22 7 (Variance among
23 3 reliability = individuals)

- (Remainder)

24 1 (Hoyt, 1941) Variance among individuals

Mcan = 12.13

'SD = 4.56

Range = 3-24
(21)

Subjects = 427

.9057711 - .200409
r
tt .9057711



Tetrachoric Test-Retest Reliability

Grade 5 Pupils

Master

Master 5.3%
N= 5

Non- 12.8%
master N= 12

18.1%
N= 17

Non-
master

8.5%
N= 8

73.4%
N= 69

81.9%
N= 77

13.8%
N. 13

86.2%
N= 81

100.0%
N= 94

Grade 8 Pupils

Master

41.5%
Master

N=174

Non- 14.6%
master N= 61

56.1%
N=235

Non-
master

11.0%
N= 46

32.9%
N=138

43.9%
N=184

52.5%
N=220

47.5%
N=199

100.0%
N=419

r
t
= .40 r

t
= .70

Chemistry Pupils

Non-
Master master

91.3; 4.7% 96.0%
Master N=136 N= 7 N=143

Non- 3.4% .7% 40%
master N= 5 N= 1 N= 6

94.6% 5.4% 100.0%
N=141 N= 8 N=149

r
t
= .32

Composite Sample

Non-
Master master

53.0% 7.4%
Master N=179 N= 25

Non- 20.4% 29.3%
master N= 35 N= 99

63.3% 36.7%
N=214 N=124

r
t.

=

60.4%
N=204

39.6%
N=134

100.0%
N=338

84
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Cross Tabulation of Test-Retest Results by Reasoning Level

Grade

0

e 1

t 2

3

4

Tot

5 Pupils

Test 2
0 1 2 3 4 Tot

Grade

0
T
e 1
s

t 2

3
1

4

Tot

8 Pupils

Test 2
0 1 2 3 4 Tot

,_ 027 10 2 0

12 13 1 6 0

0 1 3 2 2

3 5 0 5 0

0 0 0 0 0

42 29 6 15 2

41

32

8

13

0

25 12 9 5 1

22 27 16 13 2

4 7. 1T 26 13

3 20 16 79 35.

0 4 3 19 41

52

80

67

153

67

94 54 70 61 142 92 419

Raw chi-square 55.1 Raw chi-square 227
with 12 degrees of freedom with 16 degrees of freedom

Significance < .0001 Significance < .0001

Chemistry Pupils Composite

Test 2 Test 2
0 1 2 3 4 Tot 0 1 2 3 4 Tot

0 0 0 0 0 0 0 0 33 13 2 5 0 53

e 1 0 0 0 0 2 2 e 16 20 6 10 2 54

t 2 0 0 1 1 1 3 t 2 0 1 8 12 5 26

1
3 1 2 2 58 16 79 3 6 11 5 82 24 128

4 1 0 1 17 46 65 1 1 1 21 53 77

Tot 2 2 4 76 65 149 Tot 56 46 22 130 84 338

Raw chi-square 51.99
with 12 degrees of freedom

Significance < .0001
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Raw chi-square 295.0
with 16 degrees of freedom

Significance < .0001



Pearson Correlation of Test-Retest Reliability

Pupils

Pearson
Test Correl. Level of

Period Cases Mean SD Coeff. Significance

5th Grade

8th Grade

1 94 8.6 3.6
2 94 9.4 1.1 .68

1 419 14.1 4.3
2 419 14.5 4.5

.70

Chemistry (11th Grade) 32-

Composite

149 19.4 2.6
149 19.0 3.2

1 338 14.8 5.7
2 338 15.1 5.5

.001

.001

.001

.001



APPENDIX D

Final Paper-Pencil Test
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SCIENCE PROBLEM SOLVING TEST

Use of the Test

This test is intended for use with grade 8 pupils, that is persons
who are approximately 13 years old. It will be completed within
30 minutes by 90 per cent of such pupils. The test may be used as
low as grade 5, that is with about 9-year-olds or as high as grade 12,
that is with about 18-year-olds. Use at these extremes will reduce
the reliability of measurement. Pupils at the high ages will have
scores clustered in the high ranges. Pupils at the low ages will
have scores clustered in the low ranges.

Directions for Administering

Pupils should have a good writing surface, a pen or pencil,.and
answer sheets withABCDEanswers,for 24 questions.

Test Scoring

The correct order and answers to test questions are listed.
Mastery at each level is four or more of the six correct.

Level I

1 D
5 - A

Level II.

2 - B
8 - D

Level III

3 - c
7 - B

Level IV

. 4 - c
6 - B

9 - A 12 - A 11 - A 10 -

15 - D 14 - B 13 - A 16 - D
20 - C 18 D 17 - C 19 - A
23 - B 21 - 24 - C 22 - B

Grading master (1) and non-master (0) responses follows this form:

Preoperational Level I Level II Level III Level IV

0000 100.0 1100 1110 1111
0010 0101 0110 1101
0001 1001 0111 1011
0011 0100 1010
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SCIENCE PROBLEM SOLVING TEST TEST FORM # 1 (Version 9) Date 4/23

Directions: Select the answer that most closely.is the way you would solve each problem.

Mark the letter of your answer on the answer sheet in this manner A )( C D E-
;

(14C1)

,..Ary buys 3 tickets to a raffle where 90 tickets are sold --- Jane buys 1 ticket to a raffle
where 30 tickets are sold --- Sue buys 3 tickets to a raffle where 300 tickets are sold.

Which girls have about the same chance of winning?

A. Jane and Mary because their's are,the least tickets

B. Sue and Mary because each have 3 tickets

C. All girls have the same chance

D. Jane and Mary because 3 chances in 90 is the same as 1 in 30

E. I have no answer

2 (1C2)

A ring is held between a table and a light bulb. The light casts a shadow of the ring

onto the table. If the ring is moved closer to the table, the shadow may:

A. Become larger because the shadow spreads out

B. Become smaller because the light rays don't
spread as much

C. Stay the same because it's the same ring

D. Become larger because the bulb is father away

E. I have no answer

3 (2F1)

A lunchroom is 60 ceiling tile or 25 chairs wide. If a classroom is 12 chairs wide, how
wide is this classroom measured in ceiling tiles?

A. Seems to be 50.

B. About 40 because it has to be less.

C. About 29 because 60 is about 29 .
25 12

D. About 47 because 60 is 35 more than 25
and 47 is 25 more than 12.

E. I have no answer.
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4 (10F2)

iloro IS a recipe for 4 cup5 of cocoa: Neat to near boiling 4 c. milk
Add with stirring 6 T. sugar

5 T. Cocoa

Now many tablespoons of sugar would bc needed to make 12 cups of this cocoa?

A. 18 tablespoons because 6 12 = 18
4

B. More than 6 tablespoons because there is More cocoa

C. 18 tablespoons because 6 equals 18
12

D. 14 tablespoons because 4 c. + 8 c. = 12 c.
so 6 T. + 8 T. = 14 T.

E. I have no answer

5 (11C1)

'A car moving at a constant speed of 30 mph will, if pictured at.one second intervals, lookSlikc

A. I because'it moves equal distances each.
second

1.;:o.

B. None of these because it is moving

C. II because it changes

D. II because it is increasing its distance °I F.iCt 6)a. I

E. I have no answer

+6 (1F2)

A ring 3 inches across is 2 feet from the ltht and 4 feet from the table. The

a 9" shadow. Where should a 4" ring be placed to make the same size shadow?

A. The shadow will be larger than 9" wherever the ring
is placed.

x 2 .

B. About 3 ft. from the lamp because. .4- 7:3*

and 3x =' 8

C. About 3 ft. from the lamp because 2 x 4 = 2.7

D. About 3 ft. from the lamp because the ring is 1"
larger 3 + 1 = 4 and 2ft. + 1 ft. = 3 ft.

E. 1 have no answer
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7 (18F1)
A movie projector lens spveatls 11 liyp; ottt over a 3' x 3 screen feet: away.

.the image spread over a S' x 5' :..ceua, nuw far back must the scree be Moved?

B.

C.

D. About 18

feet. he S foo im

an 9 f .et

To make

is 2 rre than the foot one and 11 feet is

feet b-cause 3/9 15

feet because 9 + 12

feet because it :

Id :)e about twice as far

E. I have no answer

,!!fi

fl I 1'5r4

8 (3C2)
This person sliding down a hill looks at her watch

Each second she puts a stick in the snow. What most

likely would be the pattern of these sticks?

A. I because she moves each second

B. II because she speeds.up-

C. I or II because she is moving

D. I because her speed is changing

E. I have no answer

ft

9 (2c1)

IA student's desk measures about three textbook lengths or 5 pencil lengths wide. If a

iteacher's desk is 4 textbook lengths wide, how wide is a teacher's desk measured in pencil

1.engths?

A. More than 5 pencils because it is bigger than a student desk

B. Less than 5 pencils because it seems that way

C. About 4 pencils because it was 4:textbooks

D. 5 pencils because that is what the student desk measured

E. I have no answer
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10 (12F2)

Looks on of this air rinr. compress Ole pri For 2 ;pric7-is 8 cm. long.
'hat Alould be )ring

i booz.s?Fr 9 bool:: it is 1.8 cm.

A. About 3 cm. to 4 - (....ause it ha' to l. Pb Alt half L. tw!
1.8 cm. and 8 cm.

B. About 3 cm. because 2 books = 1.,8 cm.

9 books 8.0 cm.

the,s- 2 books = 3.2 cm.
5 books 8.0

C. Abo= 3 cm. because 2 X 8 = 3.2
5

D. About 5 cm. because hooks - 2 books = 3 i.00ks
and cm. - 3 cm. = 5 cm.

E. I have no answer

- p

11 (10F1)

Jim uses 4 heaping teaspoons of Tang powder with an 8 oz. glasF. (..E water. How much Tang is
needed for the same mixture with 12 oz. of water?

A. About 6 teaspoons because 3.2 x 4 tsp. = 6 tsp.
8

B. About 8 teaspoons because 8 oz.%+ 4 oz. = 12 oz.
and 4 tsp. +

C. More than 4 teaspoons because there is more water

D. 4.teaspoons because it is the same mixture

E. I have no answer

4 tsp. = 8 tsp.

12 (11C2;:

'rour cars Itave different speeds: Car A is the fastest, Car B the next fastest, Car C the next
i'astest, and, Car D the next fastest. The fastest car takes the least time to go 200 miles,
the next fastest car the next .least time and so on. Which car is the third fastest and takes
the third least time to go 200.miles?

A. Car C because: 1st fastest
CAR A

1st least time

B. Car B because 1-CAR D

C. No car because they don't match up

D. Car C because: 1st most fast

CAR A
1st most time

E. I have no answer

2nd fastest
CAR B

2nd least time

3rd fastest
CAR C

3rd least time

2-CAR C 3-CAR B

2nd most fast
CAR B

2nd most time
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13 (8F))
A model airplanc wing madu from 1:-
Isivasores19 cm. long. Wh'mt would h.

a wing made from a pattern with sill_

A. 57 cm. because 6/2 x 19

B. 18 cm. because it looks tiva_

C. 22 cm. because 19 + 3 22

D. 19 cm. but the squares wou

E. I have no answer

pa t.

h

hat ar: 6 cm.?

:Larger

14 (502)

Trial I 4 people on side "A" balance 6 of the name size people on side "B"
Trial Il 8 people on side "A" should balance how many on side "B"?

A. About 10 becauso 4 more on "A" should balance 4 :more'
on "B"

B. About 12 because it goes up 6 and 6 + 6 = 12

C. About 10 because it takes 4 more and 6 4- 4 = 10

D. About 11 because it should be more

E. I have no answer

fl

:0,6 IL

rnbit

a

7

15 (401)

The "Q" rod here crosses 8 lines. The "Y" Tod crosses 5 lines. The "0" rod, when turned,

crosses 6 lines. How many lines would the "Y" rod cross if it were at this angle?

A. About 8 because 4 should get lon.,;,..r

B. About 5 because the "Y" rod is that long

C. About 6 because the "0" rod was

D. About 4 because the "Y" rod is

E. I have no answer
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16 (1r:Y2)

On the . ille.;,trcc. the cart and its u-iglt is balanced by
weights the s:_ft.rg. What umount,ot 2 ;ht needed to
balance i g of :ca2t 1,J.:ight at 20° ? Angle

10°
A. -33 becz-ise 1:3 x 400 = 133 100

:700 200
B. :SO beca: .t is more 20°

C. '.77 becs t goes up 17 for evin'y

D. In becaum 130 = 133
400

E. 1 have answer

'Weight
Cart String
200g
300g
300g
400g

35

52
100

17 (m].)

! A car moving at a constant .30 mph travels 88 ft. in 2 seconds. How far will it have traveled! by the end of 5 seconds?

A. About 264 feet because 3 x 88 =

B. About . 100 feet because it is only : seconds more

C. 220 feet because 88 x S = 220

D. 91 feet because 3 sec. + 2 sec. = 5 sac.
and 88 ft. + 3 ft. = 91 ft.

E. I have mo answer

. 18 (10C2)

Olere are some razip.es for Kool Aide

a quart,c quarti 5 guar=

Kool
Powder

Sugar

Water

I pkg 2 pkg

1 c

a qt 4 qts

-vw muCt- powder is Teeded for 5 quarts of Kool Aide

A. 2.p1rtg because it is the same mixture'

B. 5 ukg bear-use 4 qts 1 qt crts

mmd 2 pkg + 1 pkg

C. .About 3 br.---luse it would hame to bz:more

D. 215 pkg because 4 qts + 1 qt = 5 qr.:,

and 2 pkg + ½ Rkg-= 21/2 -p11..g

E. 1 have no answer
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19 :1.5)1

A fretiay ver keeps track of the distance he travels, He finds that ir 4 minutes he
travel; 3 011.estin 10 minutes 7 miles. If he continues at this speed, how long will it

stake h411 to -7:ravel 10 miles?

A. Ah)uti 13 minutes because
4 min. 10 min. 13 1/3 min.
3 miles 7.5 miles 10 miles

B. A:- t 13 minutes because 10 - 71/2 = 21/2 miles

and 10 + 1211 min..

C. liluult 13 minutes because 4 x 10 = 13 1/3
3

4 D. 14 because 71/2 + 3 = 10'1

and M.+ 4 = 14 .

E. 1 ,ave no answer

20 (9Cli

Distance Time
3 miles 4 min

71/2 miles 10 min
10 miles ? min

;Imagine that frosting had been spread out 4 inch thick on top of a small 6" 6" cake. PredictIlhat the thickness would be if the same amount of frosting were spr.:..ad out over a 12" x 12"cake?

A. More than 1/4 inch because it covers less cake

B. Less than 4 inch because it looks that way

C. '...ess than 1.4 inch because it covers more cake

D. More than 4 inch because there is more cake

E. I have no answer

ZL (Lj42) . .

-These-nature hunt groups arc chosen for a nature hike. Mrs. Andrews - S students
Mr. Denton [;. trs. - 8 students
Mr. Holt -- 6 students

The teach= with the most students to help is:

A. -:.!k;=-. Holt because 6 is larger than S is larger than 8

Denton & Mrs. Folk because 2 is Farger than 1 is larger than 1
8

C. It:- Denton & Mrs. Folk because they have the most students

D. Andrews because she has fewer students

E. Ilhave no answer .
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'Sketch of a house 5 pencil widths or 2 pennies high. Sketch #2 of this house is not
iLhown. Zketch H2 looks the same ftlt is 8 pencil widths high. How high must sketch #2 he
in pentlics?

A. Atr_Lt 3 becaw:e 8 - 5 =

B. Ab 3 because 2 3.2

-§ 8

C. All,Jut 3 beca-,e . 3.2

E. Atout. 3 because '.1t has to be-lore

E. have no answer
siCE rcit I

.'","1 I D

\23 (1C±.)

A ring held between a table and a light bulb. The light bulb-Casts a shadow of the ring.If a smalaer ring was held in the same place the shadow of the smaller ring would

A. Be smaller because the light would Change

B. Be smaller because the rt7T is smaller

C. 2e the same si--11 because the rng is in the same place

D. 2e larger becaai. it is different.

I have no answer

24 (17F1)
late is weighing out apples on this supermarket scale.. What will 14 apples weigh if 6 apples
weigh 2 lbs?

A. 10 lbs because 6 8 = 14
so

2 + 8 =10

B. 3 or 4 lbs because it is MC-7

C. 41.3 lbs because 2 x 14 = - 2/.7
6

D. because 2 + 2 4 . 1 = E

E. have no answer
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14C,

0/0 Caf red'

227

VERSION II VERSION III
..00.01111 *ftwing

All 0000 1000 All 0000 1000 1100 111th girls have about the sort thaw of winning?

10

VERSION III (Test Forms 7 g 3 changed from VERSION II

Story buys 3 tickets to A raffle 6hrre 30 ileitis ate lahl ... bin bye I Otto to u nate
whet* 30 tioktti ANJOU Sun hp 3 tickets to o raffle where 300 tickets ort

39 A. Jane end Nary Demise there ore the Iran tickets

D. Sue Ind Ibry becoule each have 3 tickets

C. MI girls have the toot ;Once

D. Jane snd Airy because 0 I

46 34

"CI

E. I hsse no snsver

COWES (111,responses and the question appear appropriate.)

None

YEMEN II VERSION III

All 0000 1000 All 0000 1000 1100

62 9 90 70 40 98

A or ovIn Yt n commit speed or 31) mph will, If pictured it one mend 111'41111s, lout, IRI

0 I beciuse it raves equil distnnees math
, second

VERSION III

I. None of thole because it Is Roving /
C, II ham it chines

0, III becnuse it is inereming Its distance

E. 1 hire no inswer

CHANGES

None

Imagine that frosting had been spread out 1/4 inch Wok on top of mil 6" z 6" este, ['react

the thickness would be if tho moo pont of frosting were spread out over 1 IV a ID"01 1

1

1/000

;

1000

i

All 0000 1000

i

1100 whit

take

1

0

Ilinmorin
ni

MI

28

0

10 e 20

0

2

0

ion

0

7 9 10 In 6 0

4C1
VERSION II VERSION III

A bore than 1/4 inch boesuse it covers loss ext.!,

I. Less than 1/4 hich house It looks thnt ely

Ltss thank inch boom it corers MN catO

D. lloro than 111 inch bantam there Imre cake

E. I hos no mutter

CIMNGES

None

0

11e "P" red herr 0005011 lines, The "Y" ro,1 C100100 1 lines, "D" ;cm!,

SW Cow nay linos wolf thr "1" oil ems 44 Ois 4Oite!

A

/111

0

0111111

0

1UUU

0

All

Sone
0111111

16

11R111

0

111111 ATI

0 '

2610 r 0nal 0 I ri 21 10
.

En 100 MI 43 n 65

10 name 6 n

A. About Is licesuse 5 6 3

V

About 3 ',muse the "r, ITO is that icvig

(C%.1 About t. boom the "0" eel was I,

C) hut 4 1,votise, the Ily" toO is shorter

K. I hoyc Poker

ClIANCES

None (Wrong key)

0 ,

/ a 3 V r 4 7
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v esf forms 7c4.8 as C

LE

2CI

All 0000 1000

VERSION 2

Ilere le sketth el of psper doll. Sketell 1: le 10 peneli widths or 3
quarter: hIgh. Sketch 11 of this paper doll is net shown. Sketch 11 looks

the sane but is 14 pencil Wins high, dew high must sketch 12 be In quarters?

CI

229

0 We then 3 goners Woltile popes doll /1 is lorger

Fewer quarters beesuu it nos that wily

C. 14 quitters teem it is 14 pencils .

0

tt

0, 114 seew ember of aunties elnee its the me paper doll j

2, 1 hut ao Amer

CHANGES

Student desk and teacher desk compared' in place of paper doll.

Simpler integer ratios 10/4 becomes 5/4.

VERS1CN II VERSION 111

All 0000 1000 All 0000 1000 1100

MAZES

nqed from y ersIon

All 0000 1000 1100

VF.P.SON 3

a flentit d:ol =mins shout three textbook tenths or:3.rd0 Ism!!! ui.k. Z :
teacher's dusk b 1 textbook lengchs wide, how vide I. astittehseis Os1 reamed brivet11

leagtlist

Otiose than S beceuse it:is blygee tan stkient allk

0. Le3t that S because itioews that way

REASW

C About 4 betwo it wet 4 textbooks

N S beceutoth1L is ktetithe student des! =mai

O. 1 hoe armasaer

Moro familiar. Wish more sums with this item.

Students asked where WU the other paper doll,

More appropriate to the problem. Intend a simpler prOblem.

o flan is hoill lent On table nhd n 11 ht bulb, The I IrhI hulb casts s .vhsdow of the ei
1IhL is 1011 In the rune 1.1see the shniltst of the smaller sin astId

1 0 0 11 16

H

21 SS 0 111111 21 II 0

3 9 0 1111 10 e 6

69 MIMI 62 42 1 87

3 0 10 limn 0

None (Wrong key - Version III)

A, cc hecnule t4c liiio Non14 644r

h. re largo because It in diffetent

L.I In the :.:Me olor betinint the yin is In the .samc place..?

Sr stutter heouse th: ring It sraller

2, I have no mover

Responses appear appropriate

2;30



14C2

IIC,

6Cz

All 1110 1100 1000

VERSION II

All' 1110 1100 1000

VERSION Ill

MI UM IMO 1000

VERSION 3

These nature hunt groups Ire chosen for i nature hike, MU. Andrewi I ItUdette
lir, Denton I Ore, Falk I etudente

. Hr. Holt 6 itudentt

The totherrith them% students ta htlp ill

61 07 SS 67 0 or, ilo it hottest 6 is larger than S It lento that 1

10 MIN 10

T

I 111 Denton 1 Ho, Felli because 2 Is lam than 1 Is larger than 1
I I ;

25 10 111,1 20
t, He, totem I Ho, kik because theyhoe the isost students

I 0 11.1 0
11, Sto. Weis becat'ise ales has fewer students

1111

GIANCES

None

VERSION II

All 1110 1100 1000

59 100

10 0

14 D

17 0

0

0

60

VERSION UI

All 1110

53 57

20 7

REASON

2

Appeared satisfactory wanted and got about 501 WOOS.

1100 1000 tho neat fertest or the too least tine Mid 54 on. 1.11cli cur it the third fattest and Oka

pour cars hove different weal; Car A Is the (he next helot, Car C the not
fastest, and, Cur I) the rat fastest, The NAM cnr rake the loot tint to go 200 Ales,

the third lout Slim en go nuost

00 25 0 Cat C banter let fastest ird fattest

lot .'ettte tine 2nd lefst slew 3ri lost tine
0 0

10 12 7 0

4
Car 1

6

10 16 37 10

0 10 0

C. Nu ter because they don't notch up

6 It, Car C bcceuse: 1st post fast

58

DIANCES

None

,

lat lust Ws

6, I have nu mug

REASON

3rd fest

3rd Lost tin.

Appeared satisfactory wanted and got about SO1 success.

Tha tiro 16 foot flg pole has s shadow 31 feet long. How loog a Old will a 6 foot person

/ "I\. .4\4

'Am?

70 ()bout 16 fest becsusot FIng poll 26 16 31

to
Person 6 10 16

About 1 feat because the ratan lo lets thank et 44
4.,

C. /bout 7 fot because It should kneel Ilk the fleg pallet

0. About Os feet because it mu thet way

1. 1 14,14 no tome

oustzs (Wrong kty)

: 1. Used the nizbers 20, 10 and S to' give recognisable multiples.

2. Distraction "0" here required
some contrast of ratio SO it WAS replaced.

MI IUD 1100 1000

38 30 20 68

.2.

.3

A 20 ft. Mg role hes I eliadow 33 ft, long, A 10 ft, tree has a alladoe.21 ft lag.
Cow long i lleJou will I ft, person hovel

A. About 11 ft, Inns 31 IS 21

end 35 IS I
it

I About 11 ft, liming It ie bluer than the ood

C. About 20 ft, limo the non It S ft, lessa

11, Ant 10 ft. because it Reis thst way /
C 1 hare no ousel

REASON

1, W1shed more appropriate level Version 11 was too hard,

2. Wonted a correct answer obtainable without formal,thought,



VERSION ?.

hill I 2 people on sIde "S," balance 3 of the me she people on sIde

1100 1000 Thilt II 1 people en side '4." bairia 6 of An A000 Ain mile on shlo "r

Mil Ill I people on side "A" should halande how oany ow side "Pt

30 A, About 7 bossing one nose on "A" should balando one non.; I r

"r
ce

vi.1-42--

c!)

f1M6ES

0 0 About 7 bream 6 is lose than I

20 C. About 1 because 4 1 S sitel 4 1 7

:0 D, likut 7 because It should he core

30 t, I am ao snow

1, Originai conditions viz: 2-3 were changed to 2-4

4-6 were changed to 4.8

5-7 were chanvd to 6-?

All 1110 1100, lop

20

This
perm sliding dm a hill looks at her

at& tors otoo.r oho puts a Wel in Ihe snow,

tat evst 11161/ vould be the amen of those Mc

A, .11 kunst she travels each pond

I. 111

C. I
If
llIao

I a because het speed Is changing

IV

WAS

because it ,h i steep,h111

Imam she is Wing

I. I Imo no onswer

2.

0

1, Only two ,exrples used in Version 111 in on attcropt to coneentratO on reasons.

2. Vocabulary amp from travels to roves,.

All 1110 1100 1000

7 0

10 0 0

0

70

17 30

A Hog Is held between e table onJ light bulb. Tho tight ems A IfiAdoi or the flog onto
the tsblo, 'If the flog Is nosed, ihe shah. koyl

A. hoe 110401 if tho ring is eloser to the table

I, lecoms stsller If the ring is closer to the light

C lesoin the too slto regArdloso of 41410 ring I. ploo42

kente Weer if the flog is mod glom to the 1100 y

0, I Five no 113000 0

1, Rewording of question sten from "A ring is held between a table and a light bulb" to

"If the light is moved closer to the table".

2. Rewording of answer and distracters to afford an answer in terms of a physical model,

2133

VERSION 3
Trial 1 2 mph on glib "A" 'Mateo 4 of the erTe sisd pisle Oil lids "V

All 1110 1100 1000 Thiel II 4 people on side "A" Wenn I of the see else r..to cn side "I"
TrIsl III 6 people on old: "A" should babnet how cony on sVe "VT

8 7 0 10 A. About II because i Are nn "A" should helmet two tort 3 tt
on 'V "14""?,'".., , t1

52 73 100 20 . 0 shoot 11 Immo it gees up 4 snd 1 4 52

11 0 62 C. About 10 bemuse It takes I tore end I 2 ,10 ,.?,..

A ..'s':''''"""?.'
16 10 4 D. About 12 botauso 'It should be Kortl I

6 10 - 2 0, I hoe no ensues 0

REASON

1. This allowed a corroct additivo solution ;ince the problem's difficulty was

hypothesized to be a result of its use of ratios. Fent II was.too difficult.

AU MO 1100 1000 000

Ms porno elicits': does s hill leeks st her watch
gich setced she puts a stick In the :nod, tlet estt
likely would be the pattern of these Sticts?

10 0 6 IS 13 A, 1 lUicauca Ao owes each second 3...111
12 10

0 17 26 I. 11 becouso it is a steep 01101

12 3 0 56 4

60 87 84 8 45

C. or II WAIN IA0 At WOW

0 I because her speed is chooging

6 6 4 11 I. jbuwe500t000r

REASON

1. Wished to make this question more easily comprehended and answered on tho basis of rearins.

2, Student asked about the traveling.

1 rt:7-

All 1110 1100 1000

21 0 26 15

69 97 74 67

A slog is held betsroun a oble and o lisht bulb. Ihe t 01111 A ti.r ais:
onto the tsble, If the ring Is coved closer to tie satin, tht Zed.'.

A. locale lergor hemsr the shadeu spreads out

teem smile becalm the light ors don't
spreod ai ouch

2 0 0 0 C, Hey the moo botoirot Ain th., opti

7 3 0 12 0, hem larger because the bulb Is father oat

2 0 0 6 8. 1 hive no oleos

1.. Wish to reduce ambiguity of what is desired.

2. Identification of a model is appropriate to this level., The previous answer depended

primarily nn tho experience of ehe eitolent.

A
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33

0

31

0

1100

1 lth

M1 1111 1110 1100

12 0 0 0

VERSION

," h Kbib projector M aI spin itt Itont out over II x screen I hat sway,
lino spud ovtt 4 5' a 5' moon, how for bid

cut tho screen be movoil?

80

20

A, Alma 10 ft. Th. S ft loge Is 1
taro than tho 1 ft one, so do S ft
lute Moult! bit 2 ft sato bock,

C) About 13 ft bmw sh x 1. 33 1/3

C. About 11 ft bawls 1 3 11

0, About IS ft haute it ihoul4 be about
tried tt for

1 boo no rover

NCL5

DiStracter A - Fuse approximate numbers to more explicit

11 feet is 2 more than 9 feet,
Raoul of Abbreviations: from ft. to feet.

Fro 5/3 8 8 13 1/3 to 3/9 4 5/15.

Distracter.D -,removed.

17F1

1 I F1

2

VERSION 3
A Ode proiCdeo los $1;11`534 it, liOt DA soot 1' x 3' taro 1 fort bar, To tole, MI 1111 1110 1100 tho lona Irma uret 0 S' x ureen, hoe far back oust the stroll A. torbl!To yoke Vie

A. Aliout 11 fret, TboI(ootioei2porthtith,3LAettre4Ufectts
Z. z2 Int than p tect

0 About 11.frot because 3/9 5/15 9
C. About 12 foot *two 9 3 a 11

Bth 1 lth

100 All 1111

0, hbout It 'Scot Accauia it thoul'A be kilt tyke to for 4

0, 1 hare no InDlet

1. I wished to increase the plausibility of the answer.

Version 1 was confusing students,

2, Abbreviations could cause confusion,

3.
the comparison of the ratio was intended

to ;alio this easier and closer to this level.

4,
This distracter involves a formal proportion snd may inappropriately be attrittiA$ foluiteasonors,

hoe is woithint out *plot on this suporoarbot nolo, Must 411 14 applos WO If S olles1113 1100 ' wol Is 11/2 !bit
.

21 0 0 0 0 20 8

.

10 0
o

7 0 III 0 13 5 0 26Nom
52 100 51 El 100 94 80 ri 90 93 71

10 0 1111 0 0 0 111111111 0 0

7 0 0 0 0 0 111111111

CINCES

M1

None - Performance was appropriate

1110 1100 M1

CIOCES

None Performance was considered appropriate, The item is a goodAlscrisdnator,:

uS

Ilth

A, 91/2 lb because Is 1 14

50

sy I 911

0. 3 or 4 Ds because it is tors

C) A lbs beenum x 14 31/2

9, 3 on 4 lbo butuis It 1044 4444)May /
a. I hero no intact a

A or mit; at C CouCtAct 45 mph molls 198
ft. In 3 seconds, llt far will it km trteolsi1111 1110 1100 Al 1 1111 1110 1100 by 1ho 411 of monJi7

71 0 a 20 18 5 a 42 A, Vote than 151 feet house lt Is still min;

0 0 0

BD 100 BO

4

65

0

. 95 90

0 0 0 7 5

0 9, lost thai 191 feet becaute it is only 1 tools moo

52 0 139 fret beam iu$ s 5,..
3

0 7

3 0, 100 tett because Lim 2 sec, S sec.
199 ft, 1 ft, NJ ft,

9, 1 hvo olot

3
.0
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,

VERSION 2

Grade 8

All 1110 1100 All 1111 1110 1100

45 100

Grade 11

CHANCE

kerte

Grade 8 Grade 11

A nodal ittplanowing rin4e fret the pattern ohm amines
thavuould be the length of socli a sing mide

'All 1110 1100 11 1111 1110 1100 Oros pattern with equate that ere.3 tines Wong ancl

3 time' as ride

0 5 4 0 20 A, About Los, beceustit looks that wey

115000
35 7E' 100 73 74

17

78 0 'I. 121$ because Vs 3 %OA

17 20 ® 214 co lcan because 3 4 91/4 alk

40 0, 9k ea, but the Iluares would be hrger

20 1, ! Am le envier

WOES

1. Stem was written with measurements rather than the multiple. .

Version 11 - ...."squares that aro three times as long and ...." Version III ...."tho 2 cm. pattern..."

VERSION 3
,

Jig MI 2 hrapins teasrnens of Tann rider with an it oh glut ef water. How eucit Tag ti =

1110 1100 eJo4 for tho sale %inure with 27 a:, of rater!

About 7 steepens because 27 a 2 tsp. 6 3/4 tip

Attout 21 teaspoon because 27 ot

.1 et end tsp. 19 Up; 21 bp, 3ri
Nato than 7 tealti 600110 dolt if 110tal SUCP

3 teaspoons kraus it tonI. esaeatzture

1 hart no user

REASON

The item seems to be woraing appropriaely.

All
A aillo1 airTlano wing =de from the Lan. pater sa

1111 1110 1100 tenures 7 co, long. that could be the lorrti of filch

vine aide fro a plt1:71 Via 30= thr no 6 ta,1

27 25 20 26 0 SI ex, because 612 19 s1

2. Answers and distracters essentially tho same but more integral values.

2F, Grade 8

All 1110 1100

10 0

10 0

58 67

31 33

10 0

z
2

0

QOM

None

Grade 11

A.11 1111 1110 1100

REASON

11 co, because it looks 'thataley

C. 'a co, because 19 3 22

V

.2.

0, 19 co, buc the squire! would bo liner /
13 3 1, 1 have no miter

0

1, The formal reasoner should infer the multiple rather than just identify it.

2. Students asked questions about answer. It was intended to pais this question ran

discriminating,

None Ii gttch Ii Or an Airplane, Acta 01 II 7 pencil wldshs or 3 pIrliec 11e.. Slfsc1
1110 1100 Of Ot... cirfiii,u ii not shoo. Stitch 17 lots the sem but is 17 pencil t.jth,., 145,

hi tut Letch 1: he In pennies!

6 0, Sums 50 14, 6

I, About 7 Intim it has ie be sere

luso;

CI About I because 3 is Omit S

T U.

Appears to discriminate wale

0, About I boom I: Is S sore than 7
Ud I II zero than 3

0. 1 here no onsser

.)t

3

0 itettil



19Ft.

Grade 8 Grade 11

All 1111 1110 All 1111 1110

31

10

CHANCES

None

17F2115R 17F,
Grade 8 Grade 11

All 1111 1110 'All 1111 1110

69 1200 48 35 0

14

urn
19 Mr/

A ISO pound non standing out on tho end of a kilns board bends the and of tho board down

9 inches. Pe and his 200 powul cooponion (total of 350 pounds) bend lt 21 links. Hem far

will the board bend with only the 200 pund person?

CHANCES

Replace the item.

Credo 8 Grade 11

!All

A. 12 Inches beesuse 21 9 0 11 442.4

I. '12 lulus because 9 a 200 12

136

C. 12 inches balm it is in between 21 and 9 /

12 Litho because 9 21 12

3rf
I. I hos no answer ,

IIF

O

A car le wing leo: the street at a steady 30 mph. lin observer measures these travel dia.
1111 1 1 10 All 1111 1110 team:

38 33 31 17 39

'14

17

0

_67

0

0

31 26

31 57

6

33

19

0 3 0 3-
.239

Peet kw long 14111 lt tole the ear to travel 400 feet?
0 0

2

229

A, About 9 seconds because 220 ft. S sacs.

88 ft, 2 sees,

88 ft. 2 sem
UT ft, rwil.

5, About 9 seconds beciuse it should ha note

C. About 9 seconds bscause 81 a 9 316

(1/4-.) About 1 snoods bowie 2 eft S Is shout 9

1, 1 haws ne Viper

,314M.17, .

All 1111 1110

20 25 20

11 0 3

13

34 SO

11 0 10

17

VERSION 2

Dv the ,terit illeetrated the cart and its weight it Waned by
weights on tho string blot moot of weight is wiled to
belento 400 c of can weight at 20°

relfif

0 133

308

3
20°

10°

10°

303 $2

211c

A, 133 because ND 402

31

I. ISO because it is moro 20° 40.13

C. 177 because it toes up 17 for every 100

10 132 bocouse. 100 133

I. I hive nemeses

The item appears to be working appropriately

All 1111 1110

A freeway driver keeps track of tho Munn he travels. lie fleas that in 4 guns ho
travels 3 tiles; in 10 minutes 7/j111101. If ha wings at this hot lomg mill it
tale him to trend 10 miles?

Distants Tias

erii7 4 lie,
III idles 12 min,
1hI1 taos,

A. Ablest 13 minutes because 4 x 10 13 I

I. About 13 minutes benne 10 - 711 211 miles

10 Vs 12Is min.

C. About 14 boolunr ni 3 1011

10 4 1 14

0 About 11 mlnutos beaus, 4 min, to win, 13 2/3 min, 9
IrTri es iririer-

0. I ban no emu

del

REASON

The item does not discriminate appropriately
too easy but appears t attract an

Undesired response.

IOF

All 1111 1110

Ilere la 'caps for 4 cups of cocoa ( Ilest to ncar bollInt I t. 6111

44 with stirring A T. amour

S T. Cocos

Dow many tablespoonc of sulor (mold bo n.N1411 to tuts 12 cups of this name

REASEN

A. 11 tablespoons hoenune 11 tc

I. tuts thee I tablespoons 1,0t11.00 there la more cocoa

C. II tablespoons beaus 't r II T r

'a 4 6, el'ocloa rt,-;2-1

D. 14 tablespoons because 4 4, 1 4, 12 c.

so 6 T, 1 'i, 14 T,

1, 1 hive no answer

The item does not appropriately discriminate.

2
.7
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VERSION 2

Grade 8 Grade 11

All 1111 1110 All 1111 1110

CH.ANGES

None

4FV5E, 4F,
Grade 8 Grade 11

The "ft' rod shoun here
in picture "A" crosses 16 lines, The "r rod crows 10 lines,The

11 1111 1110 All 1111 1110 iv rod, OM turned, uottet 12 linos in picture I. Doe my lines weld the "Y" rod Win

lf it eon turned st this tile?

2

CHANGES

Prop the item Ind replace it.

1

ist
A. About 7 haw 12 is grater thsn 7

Abo.t 7 or tubule 12 ir

c. About .6 becato 16 10 I 6

ll 6.6
D. About 7 or I imam 12 x 10 I 7,s3

ra

11, I hive so Inver
0

FICreRt

lit

Grade 8 Grade 11

All

1/1:1?SION 3
, oreilne that matte hat ken nixed to actio a pule I N, 1 4 ft, rot a lot t:kt, thi .

1111 1110 thlc Il lgt memo to if it it hatred epread out over en I 11 : :t, 41.61!

1

. ft. thick harm 16 I
c T

1-1^

I.8. 1 ft, thick team 1

II
T T

3

E. 1 ft, thick because I is lest then 1 A
i 2 I

11, . ft, thick brew lt should be less /
4'

E, I hove no gnawer

REASON

The ittA discrimates appropriately.

0

7r111 1 'ivo 4100 On side "A" balance three of the sone weights on side

All, 1111 110 MAI four iaiihtt en side "A". Six on tide "C"

met 111. five veights en thin 'I" then should helmet hoe way otigAtt Ou sUe

13 A. hoot I bocsuse 6wrse 7,3

(:::)01bo'ut Woolf, 7,S

1' T

c, About 7 biota/ 4 t 1.1
$

6.15 7

0, About 7 beam 6 e 8

T ''T

I have no most

REASON .

The content appoars too complex
it may be adding confusion.

A Tin 3 low coons io 2 kg free the I 'end 4 tent rem the tsO, Tha 1"
0" thadne, Oleo Should c orina be peed to mile the Isnn the Vwec0

A. Ihis'eptlIittoedd.es larger th khen 0" erever the ring /
"./!

0 About 3 ft, frets she lop bttoute 2 ' 2.2 141

f."

All

0

1111 mu

0

Aii iiii 1110

S 0 8

All

8

1111

0

1110 A

3

14 33ME 21 50 13

34 6 MEI 39 25 5 40

38

z

0 111111111 31 45 30

14
I

0, 8 0 6 IS 0 13

REASON

About 3 ft, No the bap hematite 2 x 4 :.1 3 M ,

0, About 3 ft, (Ms tho brp becanto the tin is 1"
lirgrr 1 and tg. .1 ft. 3 It

E, 1 have no slaver

.1.(-)
t.

Thcitem appears .4 disciiminge:appioirisiely Althougkitli



ViRcir

(ADD,1T1011AL c2 I

17C,

All

VERSION 3

The heaviest person I: the slowest ualkor, Sally Is heavier thon Sue who Is heavier than

1000 1100 Fro oho in a slower tallier thin Alice,
tnoich person is tho 3rd htivelest and tho 3rd

Slowest walker?

Fran Incluse loSalfy 2wSuo 3.Fran

Nam because wei
Fran Alice

ght Sally Sue
3

walking
1 Alice 2 Fran

s
4 Sally

35 0 Fran because test slight 5 Sally

slowest alting Silly

35 0, Sus because tense weight Alice

fastest walking Alice

ISC1.

All 1000 1100 i listing of sone metric Ind English scam:

4

2
Sue

3
Frill Alice

Sun Fran Allti

Fran Sue Sally

2 Fran 3 See 4 Sully

8 2 3 A. About II booze it has to bo tore .3

54 fl 61 that It havoc

30ciclOcowlOar.3001
,ond 12 In 4 4 In 4 in 2O In

11 0 6 C. About 19 because lt seems thkt way

1S III 26 p. About 32 because

Ness 20corSOcm

end 12 id 20 In 32 ln
.-

12 10 3 g, iAavnoomuovrr

I5C2

4 inches 10.2 or

12 inches 30.6 ea

SO or

sue shays drives hats an the freeway, Iler speed Is different each dot% rlondoY is lilt

slowest, Tioesdoy bAr out lowtet, Nednesdsr her tool slouch!, PiOrsdA bo/ nett steel,

All 1000 1100 end Friday next slowest. FrIdly It sates the leuss tint to ger hose, '11;iirmlily tin nt";1

kart, III:dricidny tic nem. ICant and so on, Oa which day dues It tare the second Imo

tiro] 114 Is it tho sewed moor slug?

A. Thursday or Tuesday because (boy aro second Fos ouch od uP he' ;Tel

5. Ibursby because

most spend 5 Fri. 2 Ihurs, 3 Wed, 4 Tues. 5 Hon,

most floc Fri, lburs. And. Tuck, Hon,

C Wednesdsy bocauso it is tho middle

Cii Ho one icy beciuso

5
.lost tie. 5 Fri, 2 More, 3 Wed, 4 Tues. Ikki

molt speed Son. Ibes, Wed, Tues, Ftl,

22 10 SZ

243

2.

I. 1 hare co snooty
0

10c2
linen Ire sae recipes for tool Alde

Itcol Aldo la pli

Fordo

Sugar lit 1

Water lqt 5 qta

All 1000 1100 1111 flow much powdcr,is needed tor $ quarts e: tool Aide )1

90 97 100 A iic Nouse 4 ors w 1 cit s cts .2.

10 OM 0
1, 3 pig beeline I qts 1 qt w $ 'tits

i and 2 pkg s h 111; 2 :11 5133

3

NM C. About 3 beeiliso it would have to be lore

ind 2 pAg 0 1 0: . 3 pi/

/

ME0 D. ;pig beaus. it is the Imo cloture ,
mo 0. I Savo no seance

.4.

OC.2.

All 1000 1100 1111

28 25 32 30

A 12 Inch television screen
has TO sq inches of settee. A 11 inth set theuld loon

0 About 210 sq. %itches hoot

12 o 12 144 snd 21 x 21 441 (3 times is such)

r

115 Oft hut with lager squares

ot

0 C. Less than 10 sq, inches because tho Iguana
are larger /

O. Hare than 90 sq. lathes because it ls larger

IL I have no answer



14C'l

All

.t2

0000

9

1000

90

3 0 10

21 65 0

li 27 1 0

3 9 t 0

Sci

245

VERSION 3

VERSION III VERSION IV

All 0000 1000 All 0000 1000 1100

VERSION 4

Rory Wye 1 tickets to i refflo whore 90 tickets ere sold 4.. JIM bull I tichot to a rifflo

whore 30 tIrkots aro sold Sulam 3 tickets its raffle where 300 tickets ore sold,

ehich girls hive about the sue choice of winning1

A. Jane end Mary Incluse theirle ire the lost tickets

Soo uW Rory bosun each hove 3 tickets

ClIANGES

None

0. All girls hal the magi dunce

Jane and Vary tociuso duces in 90 le the'esteeS 1 in 30 1

E, I hive no insist

REASON

A iT Rile,: at a tJilstant spud of 30 rill will, lf plowed at ont rood iwrols,
look likt

, C it none cquaI distances coch

61.

t. NAcinf floe because It is moving ,

.4". I

C. II hk,a4.4 It d.olipt

11, Ill hnov.i It is increasitio, Its dIstaiT! I" ET4

ia 140 stitwor

CHANa

Reduce to only two illustrations.

11 0000 1000 All 0000 1000 1100

Responses appeared appropriate

All 0000 1000 1100

71 29 69 100

A cif 1100Ing at A cAnstint opted of 10 mph rill, If pictured n C110 noon 111:1111010, irck, Li

0 I becoute.it Eyes level detentes mitlr

ottani,

k. Hone of thew because it is twin;

C. 11 because it thenees 2.

0. 11 because it le incroisine its Chung '11 tz

I, 1 hers no answer

No response

REASal

Wish to concentrate on results

Wish to increase correct responses.

leadno that frosting had been spread oot A Inch Wok on top of I small 6" 06 Elie, reedit:

whet tho thickness would he if the LIM amount of frosting were spread eut over 5 I:" a 1:"

clic?

CHANGE

A, 60111 000 la Inch became It ravers less cake

I. Ins than A Ind ho.lose it looks that way

la Los than A Inch hccaose it corers more cake

IL gore than A Inch haiuse there is sore do

II, I have 110 11111.w0p

REASON

2.

246



VERSION 3

,l11 0000 10r,0 The "V rr4 '.ure e:000ta t lines, The "Y" rod CTOrSes lines, Tio "C rod, dien tura:al,

trusIss 111,1. ii.h/ High 1;,,uld the I( It ma al thi,, :114:10

1,1

10 27 0

7 18 to

72 27 100

A, lt.,tOI,ic 0.

I. gtt tets,.ta the or rod Is that long /
C, le.tt...1 the "0" rsd was 6

gout 4 laCCISO the "I" rad is augur: -

0, I hot no seam

3

247

CI NIX,F.

Answer "A" rewritten without including tho proportion.

All

VERSION III

Vi:PSION

All 0000 1000 1100 The Ppo rod Pore mores hirer. rho or rod midi 3 iireh us OP r(si, 6'41 ttrei,

crones 6 lines, lieu my lines nuld the "r rod cross if it are at this sntItt

4 12 0

14 35 0

6 18

62 I

A, About I heemlli it Mid get longer

0 8, Ant I Wass the V, rod Is that keg

C. About 6 betsuse the "0" rod mu 6

About 4 trona the "r1 rod is sktittt

0, then no tam

VERSION IV

0000 1000 1100 All 0000 1000 1100

eism
3 r

Tho problem In tho original version suggests thin1,14 innntv;riate

for this level,

Wish to make this more discriminating,

.3

A student's desk naves sbeut
three textbook lengths or 5 ;mil letths tide. If 1

teather'e desk is 4 tegbook lungths vide, hue wide le e teacher's desk entered it mat

tithe

68 59 94 94 66 41 69

it

89

4 10 0 marl 0 6

11 9 0 6 11111111111 0 0

7 11111 a 11E111111 6 0 0

s 6 0 14 0 31

CHANCE

None

VERSION III VERSION IV

Sore then 5 proils beaus, it ie bigger thee e student dab

II. Leis thin 5 pencils because it secs tot ny

C. About 4 pencils beteg!, it en
.4.

4 textbooks

D.
Sp000lli Incluse tlot Ii whit the etudent desk ensured

I, I Wei* veer

REASON

.Appeared to discriminate appropriately.

A rfrig is held lvtlicen $ cobb Ind a light bulb, The light 0ulb eats a shelor of the

All 0000 1000 1100 All 0000 1000 1100 lIe huller ring is held in tho same plate the debit of the gaiter ring wall

11 16 0 6 6 6 B 6

16

64

2

nil olflismiinig Jjflfl
III 65 EN 6 II
MEIN

CHANGE

A, le sailor because the light mid change

5, Be larger because It is different

3

17
C, lo the same site because the ring is in the ens plate I

61
0 Bo nailer because the ring if ogler

18 0 6 I. 8 lore no weer

REASON

Appears to-discriminate apprvpriately.



NM 1100 UW

57

VERSION 3

VERSIQI III VERSION IV

VEP,SION

Theaonitorto hunt groups aro Omen for i netuen hike, Mts. Ae:ntvli .3 min,
kr, Leinl ICI!, Fell I It:lel'

Pm. Holt 6 st'.:16'

e teacher with the nost students to help lso
All 1000 1100 1110 All 1000 1100 1110 T

61 67 55 87 77 62 94 93

10 10 0 3 0 111 0

25 20 111 10 mmil
1 0 0

'0 11111111 0

III 0 0 0 0 0

CHANGE

None

Four tors have different wait Car A Is the fastest, Car 4 the ,tro intest, Cur C the ne/it

fawn, and, Car 11 the next fastest. The fastest car takes the least tha it In Nit milvs,
tho en1 issIcat con the tot ICoot tiro and so on, Chid car Is the third beim tied takes

the third lesit timo to go :00 miles?

A0 Cur C beendsc: lit fostest loil fastest 3n1 fostest 1

lit least tine 2nilleist tine 3rd least time

16 I 10

10 50 0

CHANa

1, Car

C. No car because they don't Notch up

A

D. Car C krallsoo WPM foot

lot Mat not

E, I hare no answer

Remove arrows and write out Car A etc,...

6C,

Al 1 1000 1100 1110

3S tO 0 oil

1ndnost foot

2nd Moo tine

/
; -

.;
A20 ft. flag pole hos s shadow 39 ft. long. A loft, tee hos 7 sh.ollow, 75 ft long.

lieu long a shadov wIll a S ft, Noun have?

swot II ft. l'ii4the }7 It

nd IS 13 s 11

N.Na

Replace this question

249

/

I. Ant 11 ft, heraime it ix hlogrr then the inn

C. About 20 ft. because them is S ft, less,.3

P, Shout 10 ft, lwamo It irris thal 6.111. /

4, I lloVr no User 0

All 1000 1100 1110

011r. Alt because d.is longer than S is larger than t

T T

Ito. Denton lies, Rol) boom., ) lo larger thin 1 is ler:grain I 2.
r

c, al* clIrs. Folk because thty hoe the vast stwieets

B. 'km Andros boceuse she hes fewer students

11 '1 have no ensue?

REA5ON

Seemingly appropriate discrimination,

pm tors hey; different ;pectic Car A 10 the fastest, Care chew flutes:, Car C to rest

fastest, med. Cer the next Detest. The fittest ter tikes the Imo tine t: :Os

the mg WOW WOO next lost tiee Ind soon. nhich mer loth third du:tested Lice

the third least fie: tote 200 tiles?

51 15 67 93 0 Car C blouse. ist.fashmt Ind fastest

CM A CAA

lot least time tad least tine

REASON

Reduce ambiguity,

All 1000 1100 1110

7

I, Car .

C. No ear beaus. they dontt eaten up

0, C because',

1, I We AO AASAI4

Intim fest

CAE P.

(1t Wdlt tin,

Nese ire some rotlpes for tool Aldo

1nd most tot
CAA 1

tnd tlze

Sri fastest

C

led leist tire

1rd mit fist

C

1rd ocst tlAt

3

Fool Aide h I pig
Powder

Corer e 1 c

Neter , 1 qt tits

1166 ouch pouder is needed for gum of tool Aide

A. h p)g ileum ft ls ths miltqfs

1, log because 4 tits* et its .

'Ind 2 pkg 1 Ot 3pt

C. About 3 bscsose it would hove to be ore

phi bowies 4 440 qt * till

end 2 pkg la pkg h

C. 1 luso no mute

WON

Previous change was destructive. The question (602) negatively discri:ates. 250



VELSION 3

5C2,

Trial I 2 people on side "A" balance 4 of the same ;hi people on skle ,0"

All 1000 1100 1110 Ts Inl ti 4 people on fide "A" baleaco of the same size ilco:1 le oil side "5"

Trial III I people on *We "A" should balance Ima: many on slilr

A. ASM 10 because 2 sum on "A" should balance tvo rotej
en ori 4 ... oit

NANGE

0 About 12 bernuse It vs op 4 rm's 4 n 12

C. About 10 because It toles 2 tore and 8 6 26 10

D, Abeut 12 Melo it should helve

E. I hoe no Answer

Distractar "0" changed from 12 to 11.

3C,

2 5 1.

r-7

z

VERSION III

All 1000 1100 1110

V1:1?SION

Tafel I 2 people on side "A" bslenee 4 of the same site people
side "I"

Il '4 people on side °A" bilance I of the sem, site pesple tn side "I"
Told III 6 people on side "A" should balance htw Plny cn side 1.1

A. About ID because 2 tore on "A" should balance two note 3 .:I

on

@ About 12 beeline it gots up 4 mnd 8 4 12

ell 4 -1
C. Aboin lO because It takes I more and! 2 ID A

D. AboUt 11 hstsuso it should be epee
/ tit!

E, fin IlOsniar 4,

REASCN

Wished to have uli" be a more plausible guess.

VERSION IV

Thu poesot t1li1ndvti m bill looks at her watch

second sh4 puts i stick In the snow, ktat post

oly would ho tho Fatten of these stieks2

mat am 1100 1110 611 1000 1100 1110 Em

lll

10 IS 6 0 6 IS 6 0

12 17 10 17 23 6 21

12 n 3 111111111 7

60 Ill 84 nein", 64

6
6 lin 7

CHANGE

None

VERSION 111 VERSION IV

Ail

21

4000

15

0100

26

1110

0

All 101)0

22 30aim
0

1

11011

17

11

1110 A

m

21

71

0

69 67 n 97

2 0 0 0

7 IIIIIIII NO 7

0 1 0 In o o

CIONGE

None

A. I because sho mons each mond

C.

S. I have no answer

Il boom It is A steep bill

I or II because she is moving
.

because her speed la cbangIng

REASON

The problem appears easy yet it does discriminate. When the

the rtsults for Grade S students (non casters) is eratined

it appears to be an appropriate question,

ring is held between s teble end A light bulb, The lith.t east: a slab/ .st the ring

to the tole. If the rine is owed closer to an ub1e, tie tfa:VJ Air

A. Some larger blouse theft:Au spreads out

(E) teem seellerbe'eltile the light rs/s dt1,,t

spread Is such

C. Stay the smut Immo it's the sews ring

D, become lulu because the bulb Is father my

0. I hometowns.

REASON

Appears nearly too easy.yet does discriminate. Scones of Grade. 5

(non.masters) are lower.

3
0

'7:77



+A

LP L I

18F1

17F
AU WO Ino 1111

VERSION 3

VERSION III VERSION IV

VERSION 4

A wide projector leni ipreedi Su Ilzht out over A 5, le screen 9 feet ey, to rale

lnage ipread over s s' 5' screen, how far beck !tug the weer Worst!All

17

1100 1110 1111

35 5

All 1100

16 44

1110 1111 th

52 0 9049 50 93 100

13 nmml 6 i 0

11 MEM 6 0 0 0

6 3 0 0 6 0 0 0

CHANGE

None

Jent Is weichltireut Apples on this supermarket svale, tOsat will 11 applro urigh if 6 61,101
l's lbw?

A. 9h lbs because 6 14

so

11/4 9 Pig

1, 3 or 4 lbs because It ls sAre

31/4 lbs because 11/4 a 14 3'1

0. 3 or 4 lbs because It looks that sly /
E. I hare no ansssur 0

CriANGE

2.

"0" fron a guess question to an addition type answer.

IIF1
All 1100 1110 1111

A car movie; et a oilstone 41 rph travels 198 ft, in 3 seconds, Hoy far wIll it have traveled
by the vile( S woods!

A. Ron than 138 feet because It is still nosing

1, Less 00400 feet bcceuse It is only 2 seconds mere

CI 330 feet because 199 x

-S'

D. 200 feet because 3 see, I 2 see. 5 sec.
198 ft. 2 ft. 4 200 ft.

REASON

hAve no gnawer

3

Students did not select this distreetor. Ile problem appeared to be too easy.

253

All 1100 1110 1111

9 5 0 0

23

34

27

4

REASON

A. got 11 feat. 1be S foot 1141, 1$ 1 Dare then tho 3 fkl L'il end 11 feet is

2 more then 9 feet A

IC:j1 About IS feet beceuse 3,19 v 3/15

C. About 12 feet because 9 i * 11

D. stout 18 feet because it steam to ottus tviio as for 3 ......,r.6.,!.

E. I hive no answer
..-1------1

1
1

I
lie

1
1

4------ 7 fir---e . 1

-..,.........4

The item has reasonable overall difficulty and discritinates

REASON

Jane Si welching out epplee on thls superceneet scale, kW vIll 14 applta weich 1f 4 ole
welch 11/4 net

st. 91/4 lb; because 6 5.14
so

PO 9 91/4

0 P. 3 or 4 lba beam lt Is more 3

67 31/4 /be house Ps ol9e3 1/4

33
P. 31/4 house 11/4 4 11/4 .h sy

1 1 have no answer 0

This gives a clear distracter for a Level 2 reasoner.

ibm question previously cane across too easy probably because it lacked this type of distractor.

MI

18

4

65

1100 ll° III
a A car coda: et a caoemant 45 rob travels 153 ft, In 3 seconds.. 1;71 fir ,;II it so, ...e.,1I
s by the tad ul S suusek,l

42 0 5 A. Oro than 198 feet becave it it ttIllcoving 2
0 0 o .... 1, less thon118 fort tataust it lt tal/ 2 stect2s more /

52 90 95 0 330 fcut ',SLUM 1'13 i ., . 17,.......,
"1'

3 3 0 D, 200 Net Locum 3 cut, s 2 etc, S suc, 3
, 191 ft, 2,ft, 219 ft,

3 7 0
,

0. I 6v .. f.,1 ni),,o1 0
... , .

ORANGE

10 from 198 feet to 400 feet to make it a plausible answer.,

254



10F1

8F1

All 1100 1110 1111

VERPIN 3

A rodel airplane tri ne frol tlin
2onanuro 7 co. len, !hat wail l.

a wine rajd fro^ a pttorn with siNtc,

0 $1 co. how 6/2 w1S gi

b, 16 en. betheer it Yeas 113.

fr

CON GE

C, 11 cm. 9acause 19

II, 19 cc. hot the sow! wniti1 14orin

E. I hown tin otivar

Ning length 7 cm. changed to 19 cm.

2F1

All

VERSION

Jlo U113 2 limbs tea3poont nf Tens powder witb in I Os. Vas of water. lico lruch 7::t ls1100 1110 1111 All 1100 1110 1111 waled for the MO &Unice with 27 on, of vette

49 52

11111211111111

IEEE
0

ST 85 , 48 22 92

3° III
Olin 0 MI

67 ,

33 '

17

20

3

c,

° D'

, g10 0 0 0 1 111

MANGE .

None

All 1100 1110

About 7 teaspoon, betlase 21 x 2 top, 6 3/4 top

About 21 teaspoono because 27 cis

.1 es end 2 tep. 19 tsp.. 21 up.
Tra

llore then 2 teaspooni balm there Is tore rotor

2 teespooes because it Is the me aiature

1 hare no answer

REASON

The Item has discrimination. It appears too hard but more use .

was desirmd,

A redel Airpielie viol Rads frel the 1 ca, pettern thown
Ali 1100 1110 lOu ra110iasm7 al, lent, blet would he the tenth of suth

wing oadu from Apettesti with squarea that ere I 0.7

33 G S7 miaow 6/2 19 S/

.
.

1, 111 cm, Incluso It loos thin vay

C. 22 cs, bttstles 19 3 22

9 a

J

0, 19 co, tut the souses weuId be lager /

I, I hoe no mower

This was an error in the stem, The problem comes off as too hard,

1111 All 1100 1110 1111

lien It sketch 81 of no sirplere. t4ttli 11 LS 1 ;mil widths oc porde: hish.
of thlt 81tp1onc is not shown, Sietth 12 looks the sae bt 13 :2 t,ci I ifthn hie
blob won notch 02 be in nits!

IS 6PM=
nilletann100

55

6 0 8

17

ow
MI

111

0
17

43

22

M 0 All 17

ORANGE

Nano

A, Setts to De 6

I, About 7 Detain It hes to be C.ne2

® About 5 because 1 13 about S

12

11, About Incluse 12 is 5 roe then 7 .3
and It is 5 me chin

E. I have no Power

REASON

0

11J

Appears tO be A super discriminator,

25



15F,

,All 1110 1111

34 29 '100.

Iv
VERSION 3

A grotrey driver ketps track of the distance he trivels, Ho finds that in 4pinutes he

gravels 3 wiles/ in ID ulnutes 111 Cgs. Ube continuo At this speed, how long will it

ttie hig to trairl 10 piles/

21 2

8 2

A. gat 13 :lutes beceuse

4 tin, 10 pin. 13 1/3 pin.

LS asks lOosies

I. About 13 chutes because 10 7% 211 Piles

And 10 o 2% 12% gin..

C. About 13 ginutes because 4 A lo 13 1/3

0. About l4 beano VI 4 1011

Eli 10'4 4 14

6 7 0 E. 1 here no home

PEASO

Wanted the student 0 view thg correct answer sooner,

10F,
All 1110 1111

20 0

Nro is a recipe fo'r 4 cups of cocoa :

Distence Tine

sinir Th
713 01141 . 10 :is

10 piles 7 pin

3

0

Are to near boiling 4 c. silk

Md with stirring 6T, sugar

5T, CAM

Eaw eat/ talilttpetas of suvr wou1t1 be needed tomato 12 cups of this cocoa/

62 90 100

CHANCES

A. LIS t4hirlOtls betause

Irn eon 6 toblesponns because them Is more COM

@ IS tablespoons because 5 7. spar It T. soros

re, "cir ' 127,767

0, le teblesetons btcausn 4 0, 12 c.

so I T, 4 ST. 14 T.

E. 1 We se mute

157 Raoved language from distractor "C",

All 1110 1111 All 1110 1111

VERSION 4

Nth* ror Illustrsted the cart And its weight is balanced by'

weights on the string, %Int snotmt of weight is needed to

bsInce 400 A of cart welch St 20' 1 Angle

A, 133 because 100 x 400. 133 .3
u.
12°

UT 20
0, 1$3 because it floors / NG

CHANGE

None

All 1110 1111

18 17 30

13

25

38 50 65

5 I 10

CHANCE

C. 177 because it goes up 17 forestry 100

C1 133 because 100. iss

NT ID;
0, 1 hive no uCssr

.

REASON

The.item appears to be discriainating appropriately,

A freeway driver keep track of the dIstaner he trasT11, He (111:$ 444t ii 4 ctr4.1o4!..4

trawls 5 miles; in ID pima 1'1 Piles. If he cootinuns et Ws sre;!, hrs wsl: :t

take h:4 to crave: 10 oiler!

A. Mout 13 minutes bocauso 4 e 10 13

I. About 11 minutes because 10 Ps 211 Riles

10 1%. 12% win.

C. About 14 because. 74 3 1011

4.

io 4 14

(::) bout 13 olnutes because 4 gin. ID gin, 13 IP? eir.

Rilcs 2.5 tiles 40 WM

E. I hoe no answer

Switched order: A to C, to A, and C to D.

All 1110 1111

2O SO 0

I 1 0 0

38 36 100

lb 0

8 0 0

EDSON
.

.

. ,

. .

Ile problem came, across as too easy. It was suspected that the words with answet'.
. ,

°C" might have been 3 01140.
.

T:stnor Tits

3 uslcs 4 W.
:..1kiics lOotn.

lOwilo

Otts tow recipe for 4 cups of torn: Heat to 140 t9iling 4 t. wilt
Add with stint% 6 P. sum

T. Cp.%

How many tsblespeons of sugar would be needed to isle 12 rays of shoe coral

A. 11 tablespoons because ó A 12 II

0, Pare Om tablespoons becsuse there is si',:re tacos )

C. 111 tab)espoons because A equals

7 IT

D. 14 tablespoons boom 4 e. lc. 12 0.

so IT. I T, 14 T.

1, I We 110 411SWft



LOEL

9C,

5F,

All 1110 1111

VERSION 3

A ling 3 VOA% we:: I: I 'feet from the 3lit ond 4 feet fro, the 141... nin 3" rutin htt4

thea, 1!;,..11 Ili,.1111 a 4" flog Le pleced to rag the we lila thelly.1

A, the tha1 . will be terser iho )" sherevol the ring /
Is ple..ed.

0. Wit 3 ft. fro the len home 7 7,1

I

CHANCE

C. 4.13m6.0,0r0.40720,7

0. Obiut I ft. fro tle le hems" the tin: is 1" .2.
lop 1 4 and 21t, 1 ft. ft,

hare no yaw

Distracter 4" changed with all proportions shown,

259

,tet

VERSION 4
All 1110 1111 All 1110 1111 !casino that concrete hae been :lad to take s patio 4 ft. x 4 ft, ad II a font :Mat, How

thick 6111 this mete be if it ie instead speed out tear an I ft. x ft, mat

® ft, thidk becaule In .
T

None

All 1110 1111 All 1110 1111

17 13 0 18 43 33

67

0

0

0

CHANGE

None

34 23 95 24 7

28 13 0 18

15 47 14 36

6 3 0 22 7

MI IUD 1111

I. 1 ft. thick because I
4 2'

T T

C. 1 ft, thiek became 1 le Isu thin 1

2. 1 ft. thick Mew it should ba liii

2, 1,lieve no ensues

REASON

Thls item exhibits good dlscrialnation,

D

Trill 1 Two weights on side "A" balance those of the we weights en side 1"
Trial 11 Four weights en tile "A". 51x on side "I"
Trial III. Five weights on tile "A" then should balance how gene weighti on elle "I"!

A, About Ibecoueo63,

About I haute 6 7.5

C. About 7 howl, 4 7 g

4

6.319

A 8

g?'

A
2, Shout 7 haute 6 gs Ins WA I .2.

. 6

I.
est.2, i!j?

I have no gnawer
A

REASON

The item appears to be appropriate,

Tin I Whoa grOpt 11 2 fttt fro: the Itht lad 4 fast ftw Iii Wt. The 1" ?II MI
g" ahndow, Acre should a 4" ring bo placed to Nil the we slit l'ilru'

.. .

A. The thaiew all, be Inger Om 9" wherever the ring /
II plAted,

About 3 ft, fres the lop Imam 6 2,37,
T T T

C. About 3 ft. trot: the laf halal 21 4 m 7,9

6, newt Oft. Iron the lop bakitil 14 thlf 11 1"

1 1 4 4 arill :ft, *1 ft, ft.

E. 1 111111 no mow

REASIm

lhls 1 leo la more Jiffleolt than JoeireJ peeelhly beam a etudent me the 6'

propation and no place to apply it,

2 6 0



VI0N
(LEVEL 3 ITES'FOR CONE10 RATIO

:1161

16F1
All 110i 1110 1111 Nem Is i Silting of sale isotric and tome English mossuAs: 4 itches

.12 inhas

isilrheI

15F1

A. About 40 inches noun It non that enich

0 About 39 Inches bociuso 4 inches 100 39,2
r.Te:

C. *Out SO inches hos* It hoo to bo L.014

9, About 10 inches home 30 70 100 cm,

414 12 inches + 70 iruhel 32 inches 3

5, 1 hoe to answe

COMM

0

1100 1110 1111 A bled 01 pulley tystea here Is designed so that turning the crank Winds up sods A ond 1

Ibis chart shows how oath string moos. How far will li won whes A loves 25 cm.

14F1

AU 1100 1110 1111

A, ld cm, douse it gots up

I. kis than 43 cm, dentin 114141 /
i. OS at. douse 107.25

and 27.744 and Its little one

0 About 3/ becouse 15 x 55

I hors no own

CCOIMENTS

John, buy and Tom etch buy a bog of candy John's

Mary

Tom's

of.the ponds bon tho best chance of :ming
the bag!

0 A. limy house she has the nost mints

I, Hwy or Too beento they lino 3 mon mints

C, Too holds ho has tho fewest gumdrops

Tos becetur II wort then 11 4

I hoe no answer

201

mon

Pistince Med
A I

10 cm,

III cm.

35 as.

IS co,

11 to,

1,ng has S siott 53 glroltor,

Nig hos S olult 4 6 010,1141,

bag has 4 114405 03 gtodropf

a mint when taking i plod of candy from

than guadrops

.d1 1100 1110 1111

books Winced on top of this lir spring depress tho nring, 3 t`n spial is IS
long. For 5 books It Is 4 a, long, ;Idiot whot With at will to 1.4 5 041..!

2 boon

books

1 loon

10 to.
4 to,
I to.

25 33 21 33 A. About nro (0) because it vent dovo 6 a, 3
(10 cm, 4 om.) fat 3 coda books, 3 coro boobs

then (5 OP $) should try to noke It go does f. Mrs.

25

27

13 0

10

6F1

About 7 a. WWI sled 2
Tat 1000, 4 co.

then

2
10 oa, 2.5 cm,

C, About I ci. humus, S books 1 books 3 boat
4 cm, 3 cm, I a.

D. About 2 bugs. It fend that way

67 I. I live o pon

MOTS

0

Ilse lane 16 foot trio pictured has I shadow 29 fest long. Ilow log o shidsw night to tut -
tut UR holler, 12 (pit Sloe?

3F1

1100 1110 1111

A, About 10 foot beano it seen thst way

0 About 11 fon haus; 21
TEO: I! 11

C. About 34 het hewn 16 e 12 35 and 12 12 24

D. About 24 fset because Id 12 4 end 21 4 24

0. I hire BO inner

COMMENTS

A flothing light" rolls own o hill. Tho intim At 400 itVitod girt will thtt MC,/

which of those patient

67 0 I Isms; nth mod A. Ids foster 474 -r
4

9. II bolus. it Insole oft second 2, II 44

S, I at Won its Spied Is changing 3 4
III

COUNTS

liscouto it b dont

If



9C1

VERSION IV

8th

11 OHO 1000 110u All 0000 1000 1100

All

/ 15 30

10 24 6

15 24 0

63 24 94

VERSION IV

8th

0000 1000 1100

VERSION V

12th

All 0000 1000 1100

0

4

0

A;1

91 4

3

0 0

CRAZE

None

lid,

VERSION V

12th

0

0 I

VERSION 5 VERSION 6
VERSION VI

Bth

All 0000 1000 1100

11

8

10

0

25

16

10

6

3

Dery bon 3 tielmn 01 a WU* obriu SO tklets an aold don htn. 1 tint t to A raffle

when 30 tIctetu wte told ... bon hto 3 lichen lo 11 mato den 300 1100) are auld.

nteh pl. L. hplo IAOIL hn M;f, rhauee of whotingt

no teaponse '

A. Jane ahd Any brcauan Iholr'a Pro tho hont tickle

Fun nild WIry boceusu nth have 3 dans2

20 13

68 29 69

n,

3 C. All pleb hove the sna chance

go 0 done aod Obey hoceuen 3 chino ill SDI) tho MC OS 1 ill

0
3 9 3 2

All

71

12th rbls 6177 8th rbis 0 0,5980

Masters I 12 9065 T 15,3799

VERSION IV

8th

0000 1000 1100

0 8 0

29 69 100

VERSIONV

12th

All 0000 1000 1100

94

c. I !Wu !mow

REASON

The item Appears to have appropriate discrimination

VERSION VI

8th

All 0000 1000 1100

0

A CAT P01111 at A ClIglAht send
00 oph wIll, If pictured et win second thlertilt, lon1; 116

0 Ne ropease

1 num It RAM equal Ounces eath )1 .

POMO

os

CRANE

Nano

0

12th Ibis N 2,5465

Masters T 10,7241

8th Ibis

T I 13 8522

NT110 of Ihna benne It IA Poing

C. 11 bowman duo 2.

D, 11 heratee it le InetcaaIng Its dlItente -
3 0, I haven answer

05577

InatInt that front*, had Ivo Aprcod coo It Inch Ildc1, on top of A RC 6" ) 4" cehr. Predlut

abut the 'hit tliad be If ihe our OS1UAI of frost Inn were terrod out oun a 12" a 12"

catet
No roponse

A, Ilore than A loch heron it covers lose (ate I

II, hen than 14 Inch hotiorio lt looks Apt wep ,

69

12th
r
bls .4376

Western T 7.9959

0 !urethan', loch noose It motors mere on

D, Miro than ',Inch hetnao there Ippon ten

0, 1 Imo no 11113Itte

CHANCE

Illustration added

4
2.

VERSICN VI

8th

All 0000 1000 1100

1 1 0 2

REASON

The item discriminates well and has appropriate difficulty.

ow 11 ; oa 13,1.,1 kit ;MC. 1,, ny 10. h..11 i" 3,11,1040 k 1 lii 31 i NISH) of frott k;, cop upo,d rot 11,, "I,
1.e?

No nopne

A, 11y,, P, 11.11, 11'61lri'
I o101 rg',

srn ...VW'

i4V% than I; lecnvou 11 nett that 1.,1

I41;k too A lu, knaM.I1 n'oor ono cdlo y "-
0, Ilon hit II 11101 1043111). ilooe In roe lala

Oth rbis 0 0.5677

I 14.2150

II, I him,' Iln 0101;1

REASON

1

Success on this problem for tho CI level student should bo possible

without abstractly viewing what the ores change demands,



001101111 IV

8th

All 0000 woo 1100

VERS14 V VER3100 VI

12th 8th

0000 11300 1100 All 0030 1000 11011 1.14. IA tea en:c.44 it o, lit "7" ird grow, S IlArk, rtd, 11411 Iunw4.

5

p rod Mil II 141 i 13111

4,4 ft4'''r 104 It itil Ito;

0
r1 -'1r

a s' 7 t

3 r, 41)411 4 Im 'i' ii "I" I4,1141

74 ® 14.41'1 4111144114 "t4 144'IS thole;

9 3 11 4, I 1,11e on oraer

ClIANCIS '

None

126 rbis .5975 1th rb s ,5794

T a 14.6567Misters 7 * 12.0423

0000 1000 1103 k rra'.r . ktv.,1 tin r totkol. WA: irr I rtkr11 Wk. wlJr,
NC& 4'; II k is 4 :lot,* 1411,7d1; Ilk, 104 kiiIr II j tekrr's tot hokum! In pencI1

114 Fewest

0 Ilor 11:41 t pioeth Icenoto It I; 143u On 0 stP41111 4t11/

I, kot 11.0 5 pktlis !cola It yett Alt t40

C, Aktin 4 pthr11: bC(1411 it 1,21 4 11164011

41, 0 1411{113 Impute Ott% that 61 stut1tAt doh lallur'd 3

1 hira 14 Mato?

66 41 I 63 I 80 03

in I 377 6

5 716 I 0

14 1

EXACE5 12th Ibis .5762

Masters I 11.5831

Adiel ratrix with integer values

MIEN V

eth I:th

to

yusi 109,1 JO0 ; III 00010 Inn 1100 iii. 1,00 ,,, tli HIM 1011, P 11,4,1w ur Ole ehIf " I, 1.0,1 11 ;11, ri.11C t14 11..,!4/ ihe fc.,11,4 114 1414,1,1

t, 4 1,0 :711701,4, teeld 11,0001.

f)

1 hi Y 'r i3
h, Le 1411,14 1,1.4,1: It Is diftItht

in : 31 1 51 11 1 6

j21 17 c, t1,1 1,411 111, 1,1:111,0 111.g In 0io IAN Otte si

14,1144 1,1.44 ihu 0441114IQ. 6 61 91 ,p

611'110 61..01 11
12th rbls .6690

Masters T. 12.7414
CAANC05

MA the "shades" cf culler ring,

265

L. I hare no ;Ivor

All

lhe Item Appears to discriainato appropriotel

0085104 IV

8th

3 V r

0000 1000 1100 A , ,4,41 0,11, ' .011,1,1,14, I! 1,1141111 o .1 11111011 hilt. :1, I r', II
0 MI 444141014

0 11,,.

1.1t. 1114. !, 1.1.01, I,',,, Ill 11.1

Almt1 rod!, 14 ',Ili II 1,,

S 111,111. 4144.1,, :1,11 I, ....1

PI I half II, ;,1.111.1

79

WSW
tth rbis .4407

T 10.1212

Wished to core broadly suggest tho proportion answer.

VERSION IV

8th

All 0000 1000

'.1

1100 ; tin,. 11 Lmt 444,,.4 I lotIo 1,4; 4 11414 Kit,
140 11111 to1O t)..i4 4 11 0',.) ef the Hu,II 1 It:111e1 !Id!. It I.:1,1 IA II./, w; OW 00 034k t.I Ilit 4,411,r r140 tothlho'ttIpme

3
3

A, Or 1,011ir heeno4 the 1191.1 44d 014t
AN

3 11. 51. !Arm Wait II 1, dittrol

r7T-N1"'
C. It IV 1114 1Ill hrrur'se hlor ling il IRO Mt Cliee I !4 "."4.

C) Fe P411;f Lett101 Or flog It trtlItr

0. I toot Po 0401 L.,)
REARel

8th 1141 0,6488

7 17.5747

This is more difficult than ether item for tho level, Wished to gire a todel for thn

;melted change, Sucrose of ring sloe lit the CI level ihould not derand that the ;Mint

abstract what the Change would loot like,



VERSION IV

8th

1000 1100 1110 All

VERSION V

12th

1000 1100 1110

VERSION VI

Bth

All 1000 1100 1110

2 6 0

These nature hunt trona no chosen far n nature hgte, line, sarrue S students

lir, Denton & lire, sludnta

Str, Ault & stuknix

'Ille teacher iii the most stodenls to help Ise

No response

license 5 is loner than I Is larger than 5

D.
Penton &Yrs, felt because 2 is Worthen 1 is larger than 1

C. Ns. holm 0 Am Deli because they have tho Post siudents

0. Ars. Andrews because &hos fewer students

A, 1 bootlace

77 62 Ill 93 93 IIII 4Y 93 67

13 1111 01111

7 10

3 4

11 a ow0

0

0

3

54 92 94

0 0

CRANGES

None

1 C

12th rb15 ,5633

Manors T % 11,2036

VERSION IV

Bth

All 1000 1100 1110

Ith rbls 0 .5606

T a 13,9561

VERSION V

12th

All 1000 1100 1110 All

51 15 67

13 31

10 23 0

14 8 22

12 23 11

CANNGES

None

I CC,

a 01
86

2.

'REASON

Ile item matches well the appropriate difficulty for this

level and discriminates well,

VERSION VI

Four ears have different speeds: tar A it ilia fastest, tar II the next fastest, Car C Ow lint

1000 1100 1110 fastest. etul, Car D the next fastest. The fastest ear loin the leatt tioe to go 203 milts,

the next fastest ear tho next lent tine and n en, ilitli ear Is the third fatten led VAN
the thin least tine to go NO PIO

31 81 73

6 0 0 II,' Mond ,

Car C heouset Ist fastest Ted fastest hi fastnt
CAR A CAR 4 DAI C

Ist least lin 2nd least time ard lost tine

55

1 1

17

6

15 2 3

27 11 21

P, Dr A

C. No car noun they don't match up

D. Clr C 'elm! 1st most het

CARA

1st st Ilso

11 2 1 0. 1 lino no answer

12th Ibis 4 5895 8th Ills 0,5451

Maoists T 4 11 9009 1 13,4045

VERSION IV

All 1000 1100 1110

VERSION V

12th

All 1000 1100 1110

2nd most fist

Ctil 4

2nd moil tin

Int rot fast
CAN C

lcitrost tire

The lom hos excellent discrimination and appropriate

difficulty,

VERSION VI

Bth

lien Ille Mmt savion vi

WI Aldo hpl:

Dodos

Wor li

Valor 1 qt

lion much penter Is yarded for I quarts of &oat Mr
No Tfirmst

A, h II bcrooi 11 hills one mixture'

0, S CID Iftruir 4 OS' qt titt.

Ind 3 lit 4 114

r, moo s tiecave It roqhl Iwo to he Pore

None

-97 - hocensAr 41 g ot; al 1/41 qp4 .51cilitisilg

1 R, I hove aa answer

REASON

The tree hen pal discrietnetlen and a od difficulty levul

12th Ibis ,iaol Ith Ibis 0,6045

Motor; T v 11,7011 T li,04311

1

2.

268



vaaslat IV

All MO 1100 1110

0

9 8711

68 69 70 91:

8 I 6 D!

8 0 0 ,

9 8 6 7 1 9 3

12th rbla

leasters T 9 2681

Wins ode lens apparently proprtional.

roam V

12th

All 1000 1100 1110

00 6

81

3

7.14 1 41. to '1,, e,,:: 11..,g I "rot 0,11i14`614044 114o .h.'

MD/ 11 j d:4.4,'.1., 9)1 ;i,:. qrrolc,f, 1 bf the saJ, olat mph po ahht 4"
Idol 111 4 r4KI, p0 '14 44,01:' °lora lot WC nn oldo WI

0 I° 1011
A, Aht 14(01? e 6,,, 01016i:we No am 3

CiOGE1

4913

0 Alb tr,so eq I,lo

c. A),,1
10 gt

Pe" 104 37 Z. PM;
A4ler"'"7""

Abeo/ (Ili, it 11N

0. 11( l'kro,tee 0

lvVERSION

8th

All woo 00° 000 1100 1110 All

0 2

VERSION VI

8th

1000 1100

All

VER5Ind VI

6th

NO 1100 1110

66 rels .4804'

11,6166

1110

le 2

The Item did not discriminate well beteeen level I and Letel II.

L114In 0ir P Mil bib Pt her vetch

hash second the pets a flirt in the snow, Qat mist

Hwy hould Là thoilattern a those niche
No reponse .

A. 1 hereto she WACO etch mend

IC

269

,2

CHANGES

None

foil ,j6R9
, 8th rigs ' '5037clote3 T 6,5416 I ' 11,7257

vo,100

tie)

AI) 100° 1)°Q 1110

VERSIONV

12th

All 1000 1100 1110

0 0

VERSION VI

8th

D. 11 beeenso It is I stFop hill

C, 1 or 11 because shoakkAli.''''

1 Nouse her speed j chanter':

11. 1 have no limiter

All 1000 1100 1110

0

REASON

The item work appropriately for Bth graders. It lacks

discrimination In exported for masters.

A ellig is held betql1VI; g ohle 10,1 a 110a NIA, The 110113 casts a ',Woo er Or rin;
onto the tahlt, 7 the dog Is mill closet' to the tahle, the shanled tay:

No response

A. IlneliC latter henoese thc shallow spread+ out

Acoo

12th Ns" .8208

Hinters T '10.0244

Ilth rbis

T 2 11,7287

0 Arcane anIlla beano thy llphe tars dcet

spread Handl

C. sue tht same beflulc it's the sane ling

9, lecome larper Canute thiColli is tothq sell

hhvo no sow

t.

REASON

The item has good discrimination although it is hurder than

many in the set.



18F

HFI

VERSION IV

8th

All 1100 1110 1111

16

58

12

6

50

0

100

6 0 0

0 0 0

0

CHANGES

None

I7F1

V1,2111.e. 10 VM1Caki V

iNtA 1.1th

'1All
,
1110 ll10 1111, All 1100 :.10 1111

0 6

1

15 4.1, 3 1 a L 4

A 01 0101 .3.1 L 0
115 I ! 31:!..FILL PO I 00

VERSION V VERSION VI

12th 8th

All 1100 1110 1111 All 1100 1110 1111 Anovie projector has spreeds Its light out owl 3, A 3' screen 9 feet am To :Ate
the hip spud eye{ A 5, % 5, screen, how far back WI thc screen be PUN?

9 0 No response
...--

A. bout 11 fed. me s (Dm loge Is 2 wilte tbao ihe 3 for eve ;Ind II fret Ii otd
2 core Ilion 9 feet

0 About 15 feel because 1/9 3/15 $1

'C. About li feet icoliq 2 3 12 /
D. About 111 feet because it Abon111 he gout 1wice no for ..5(1 3

2, 1 Imo na answer 0 tfl...............1--1

REASON

Th

6

......""."*.....11..... 11 1

1

1

11 NI

e item works I

appropriately for this
0..._70,........,,...i. --------1.., 1

level,

0

19

11 x 86 89 MIMI
n
111 1111111

o a 0 0

12th rbiss ,61I6

Nesters T12.7015

VERSION IV

8th

91

0

4

0

8th Ibis 3863

T 14,9215

VERSION V

12th

VERSION VI

8th

All 1100 1110 1111 All

0

1100 1110

0

1111

0

All

1

1100

2

1110

0

1111 in,
wei

0

Ell 0 00 0 09

23 1111 14 0 N W 0 0 IS 6

14 r 67 111111 El 64 16 61 65

27 Ili 33 0 10 36 52 25 26

4 0 0 0 3

x Eig
MO 0 11 11 4 4

CHANCES

None

12th rbis 5240 8th r6i5 .4609
Masten T 1 10,1080

A N'hr m 044. 11311.13 11.7. (I, 13 3 111,3 NI will It biro moiled
se Ilt it 7. ttirpt//

Ito form 02
4, Ilrolt ail, 173 felt koutt It 11 th III totlq

Liss 0,4,1411 fret burro/ It Ii only 2 aseclt pare

0 MD Itit Iwct,,te It ..130

7 1 1 011 3 t I 4 D, /tit 1,1qm ire, Ur. lac. 3C1 It, 3DD ft,

9 0 E. I ease ta stwor 0
12:I. This ,5812

01411105
1leeter3 T I 11.7351

Ntathers In the problea were acid.

271

T 10,7061

0;115100 VI

81h

Is ncIIihhIg out apples an this superturlet seek, that will 14 apples with If 6 apples
,

11A , 0; 110bir hello 6 3 * II
10

Itj 1*

n, 000 4 Ins lweause It irnnre 3

0 111 lbs become .11) )4 Oti

6

3. 1/1 because, kij PI 41 31/4

B, S Mee ne answer

REASON

.
The problem although difficuit does

discriminate.

011 1100 1110 1111 A tar fla,", '' a 113,3731'. 71111 novo, 31 n. In 7 410,, Ii bl .01 It / not 'by lit, tot 1.1!. On

No rum.
A. /,1,l' 364 Art IA, k tt ; h';;,

1

It n, t ;Jul It 13 Hop ; ),1.140% 104

;ii 4,3 to

,31,1 13'1, 1 3 11, r .71 11,.
li, 1,,iv

811 11113 .5346

T 13.0426 010013

De supler Inte;ers were Inzondcl to ho Awns rowdily

Menilfled as propoettonAl OT laditiVE
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Vhltin IV
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49
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1100 1110 11111 All

0

93 tit St

VERSION V

11th

1100 1110

13 33

it 0

I 6

0 33 3

1 0 0

0 0 3

,Mitr, irippent of rAt rsohe with el 1 Ali Om of Moth Pav Pah to$1 11
o44411 fer,ile tswe dim, with H to vi voter?

II 9 00 11174111

AM 7 morons hrottoo 17 7 top, AM top

79 96 II, About 11 OA/Mho 14401 11 At

.1 Pt Ad 1 top, II tip, 11 Opt o;)
TrOT

2, 0 d, lljop Om 7 1041110041 b09000 111074 11 AArl toter

0 P. 3 11000071 IMMO It ft the 1010 AlttAll

4 I, i horn we lewar

0149,Gts

I, Simplifies:Ion of number reties,

2. Olstractot "A" cheNed to 171 Addition type,

2F1
VLRS)1333 IV

3th

AU 1100 1110 1111

8F1

VERSION V

11th

All 1100 1110 1111

llth rblp ..5926

Masters T 12,0891

VERSION IV

8th

All 1100 1110 1111

VERSION V

12th

All 1100 1110 1111 All

0800300

Ath

4,11 1100 1110

1 2 0

07 58 93

17 13 3

1111

0

SA, 11 r. I i. I , ; 1.1h is I, s', l' I tlItt. bob It: I, d LI

1,1 itt. ttt trOltot ttltu I rl
bp er1sIonso

1, About 4, Iv:tit:444 3tt411. td.. ' 11 Pt,

outl 441, 4 Sy. I sip,

C, Hutt lb II 4 It4'pti Ithtti Vat Is bete tilt,

V, 4 Iirlr.o.s I,.rs0 It is 114 idtloe

It, I lotto liA

Ith 0611 4795 0EA500

T 6 14.6514

VERSION VI

8th

1100 1110 1111

1. The item overall .2s too dIffhilt.

3. This is a ;on appropriate dIstrattor for Level 11,

A Pact nirplano Witif Atli four the 1 tn. pattem shown
oepowreol9 on, loop Win would be Ihe 1tneth of sod
o why, oPile fro, patterw with gimes thst Arc 6 01,?

No reeponse

G57 re, boom 0/7 s 19 57

CHANGES

None

12th rbis .0750

Masters T 1.2352

8th rbis .5280

I 12.8176

htoo it with li of 4o OfAtfAd. 0'etch 41 lt lim411 sldila or 1 presial Sbettb pl
or !Ids milpor Is no1 !Iwo, 51416 01 1404 OW OM but Is 11 pomell 614111s Ith, lou
10 nal Of* 17 bp 14 pthlkit

So respell

A, Sofro to ho

41 10 61 150

Was
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12th rbis 0,5132 ,

hMsters

replace the problem with one thT
9,5243

at is less abstract,

5, About 1 hteleso It hos so he sare

(..) Shout S beam A 11 Oat 1

Yr

About 1 Ircosise 11 Is P Aare Ihon 7

0111I I 10 Lore thus

P. I Adro oo

3

2.

0

Trir

0, II c, hoopoe it loots thpt way

C. 22 0, boom 19 22 2.

D. 19 en, but thy Nom hotild be lorger

E. 1 lmvo 50 11$110C 0

VERS10b1 VI

8th

REASON

The item seems sound - wish to

have a larger group tested with it.

All 1100 1110 1111

Loh *i."

A It Aro, Ii ft 4411114 Ole roll ch$111 ,i$14, sr o tlottlo,, I. 11 ;hos olio, Los
%Ado IS 101 oti.o,toc oestothl In gulp; Iwo

0 tio Popo
A. Setrl lo be 10,

0 Pt About 411,44tot I: bob

@ boot 9 4tfalAt II. tbotut

Tr II

_13

,

h lb I ,S7S9

T 0 14,4468

O. Abeld 17 h;cluto 40 Is Al rote No 11
pod II :s bst tiAl 17.

0, 1 iota to mom

REASON

The item his soot good charicterlstles but pay be

having the student pull topether too many things.
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VERSION VI
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0
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nn ow

I,
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11001
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0 IMI 41 El 16

1111.
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0

91100
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12th rbis N 0,5095 8th Tbis .5591

14356011 T 9,7293 T a 13,9015

I5F,

thy norp Itlettrntol the art sed III Pith) It bylenrcil by

Iyhts 511 the 51rley, Whet WWI of wely,4 I) needed to J_161911t

lohco 4°111: of MI tiolgla ot 2013 1 , Aogle Coot litTii
Ho response 16° Mg 15

A, 133 bout= 100 5 400 133 10° 3114 R

'151i i 21,0 3114 1D0

R, ISO hccause It horn
30" 404 1

C, IT/ Inirom It coos IT 17 for 01'91 100 ot. .2f111
G 133 hecoasc 100 103 g

TO iliA

11, 1 hove oo moo 0

REASON

The Item appeared to be operating appropriately.

VERSION IV VERSION V VERSION VI

8th 12th 8th

All 1110 1HI All Ina 1111 All 1110 till

0 0 0 0 1 0

18 17 30 74 66 86 37 39 91

13 3 5 1 3 0 16 13 0

25 20 0 22

_

28 14 16 25 0

38 SO 65 3 3 0 19 16 9

5 10 0 0 0 0 12 4 0

. MANZ 12th rbis i 0,5429 8 h rhis .5145

Masters T s 10,6235 T 12,3790

NO00

10F,

freivoy diiiirr Imps tred of tie JIMAIKt bc tracyIs, Or fIndi ths1 Ili 4 minutes he

1111T15 3 045/ in )0 plinetc5 71i mlles, If he continues it 1515 reed, Ix huo eill it

Akt He 14 travel ID tiles?

Re Tops) DiMAlite

Mier 47i9
ollos 10 oio

10 olko 1 ph0 Ana 13 hlouiti hcepuso

4 olio. IN 1/1 nlo, I/
rui i4fer TRiTeT

0, Mina 13 ilotim Income 10 - 1s). 20 111101

mod 10 4 24 I28 n1),

c, Alen4 13 Aloulys becnoo 4 o 10 13 1/3

O. About 14 berme 71i t 3

ind 101 4 14

I Imo: hp moor

REAR'

0 PI

The item discriminates well. rbis is excellent,

VERSION IV VERSION V VERSION VI

8th 12th 8th
Dere lit inclpy fey 4 clips of tet011 loot lo near hollley 4 r. 5111

. 101 6101 511clicy 6 T. $AINV

Any 14141T/wig of kor would lie ocrJrd to ro14 12 tups8o0f.11(117:3:41

All 1110 1111 All

0

1110

0

Ill]

0

All

1

1110

0

1111

Poi

0

50 0 36 69 7 1 24 28 9003001nin 0

38 36 100 57 28 111

1 111111111

63 83

16 111 0 1 0

ME 3 3 11111111

CHANG18

None

No respona
gj

H. II tollesp000 1,rtuor 6 1 11 lbWI
II, Here then 6 My5pynes boom there is tory 00001 /

0 16 tebleres breve .ti ciliell

P. li to1473ons Iletatoo 4 t. s I e. 12 c.

so 6 Vs B T., HT.

0, 1 hose no onsior

12th Ibis .5230 8th rbis .5053 READ
Masters T N 10,0820 12,0709

The item works well, ibis is appropriste,
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VERSICti IV

2. 8th

VERSION V

12th

VERSION VI

Bth

111 1110 1111 All

0

1110

0

1111

a

All

3

1110

0

1111 h

tl

0

IN 67 74 69 86 16 13 5

31 33 20 28 14 39 43 35

19 14 000 0 23 36

11

0
..

0 5

CRANOES

None

1;.; 'his 3 ohi

Masters T 6,7635

5 F,

277

nine thee concrete hoa beet Hoed to make o petio 4 ft, x 4 ft, tel I) 3 Not thick, Heti.

14,011 thls contvoto be If It is hiblead Rued out orrr on I ft, o I It. tool

we ruppala ,

® , ft, thick becalm 16 V

I

I, I ft, thlik because 1

14
4 . 7

T T

8th This m 0,3876

T m 8.6678

0, 111, thlth Iveuae 1 IA hie alle

7 , 7

0, 1 ft, thick beraure It should be 1; c
/

D. 1 hare oo newer

REASON

0

The item seemed to discriminate hut have high difficulty,

I wished to see how it would work with the 12th grade master%

VERSION IV VERSION V. VERSION VI

8th 12th 8th

Nilo I No lidoit on ode ile balance three of the sone triplas en !we "P'

)1 . rourtalglAs on side "A". goon tide "I"

III. Ilveuelplaann silk "A" theu should balance how Tany aelehts on chle "IP?
All 1110 1111 All

0

1110

0

1111

0

All 1110

2 1nm
1111 Trial

Trio'

0

2617 13 0 32 55 7

34 111 95 1111111 86 Mil 57

25 MIIIIIIIIII 19 13

47 5 12 21 4III15 9

3 0 0 0 Milli
CHAgES

None

F,

12th This m ,4005 8th .Tbis ,41)66

Masters I 7,1822 T 0 9,1762

VERSION IV VERSION V

12th

1110 1111

fith

All 1110 1111 All

Ito toaponto

A. About 0 Iiveoute

4

About 8 boom!.
4 S

C. About 7 heeouso 4 1 . $

6 1

P. Ohm 4 Locallto 6 it less on,

Z

0. I Wee u tlit4c1

REASON

11e item appeared to be working appropriately,

VERSION VI

8th

All 1110 1111 A rIng 3 inches limas ia i feet fron the PAL w0 I feet frol the tahlr. 14.1.'0v:het

ahabu, Ilwrn ahoolds 4" rIbg he plated totoIe the nee aizeshaJoi.?

A,' Tohco=111 he lailcr then 7" aherearrlhe ring. / L
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, -1-47 .)r'.
0 AbN, 3 ft, fool the lo.p [Imre 6 , 2 , 7,7 31 '217 I \ \

7 I T 1,
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Y VP I '
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12 0 0 3 3 dO 0

b 91

0

14 14 39 4 0 4 10 6 0 .

33 28 7 S6 26 16 70.

25 21 0 35 52 III 24 28 30

19 IIMII 0 21 31 0

11111ffilli 29 19 18

CHANCES

None

12th tbis 8th

Masters T M 4,9718

0. I have no maker

rb s .4764
REASON

T m 11,1701

Wished to test with a largersample.
2 78
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I 01, 71I 1.101

I 381. I Mori
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0, 011 oi 71 hon beam (7 tali, 1,3 11117ilikiv 2
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01831111 VI

(F2 - Level IV item)

9 F., 0015101 0 NE1151114 VI

8th
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C. II 1111r1 Ivrut A 34

0 31 loin Iciate 2 11,

IS ICJ 17:0

Z. 1 la.a no.an111

ThIS iter s'nould be considered. It has promise of good

disetiln,tion, It to nos too difficult. l'041.1613 the

1.5.6 101, clrild be Just a 25 cooparison and the distracter:

then simplified,

1o ;L,Ir ma!! p4I1 111,, 'VI' V. Id'. VII Ire..It.
8th 3. a 01, III !MI 11011.

r.w.. 1 or 1,7 1.6r 0; III. i.11' in 31, ./.I
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Ng 71170010

I,. .10' I ot,V44 lo 0.i 11.1 hit tri1 aaI
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0 0 0

All 1110 1111
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iinaliq 11 a;,1.1.1 ot me 11" ti 17" talc, Piolit: II, 'Iry 1011(1.0 111/I./a.
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0 111 In :auto 80 1

Ti ;14 It
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0 71 1.:r4 1 .372 7 .110 1 .80
33 IS V' 1
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C. 7in Ircnq cod, Ian 1 1411 la, 114 la Inas
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1 hue I0 010100
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.5593 iabMT
1 1.3819 T 13.9089 1Ia3ter3 do not react appropriately to this item, The subtlety

1 2 between distracter 0 and 8 . the key is probably too fine,F
v MO VI

fith

:.111 1110 1110 !III
9 0 1 I

rbi .3732

6,6091

T.
011 ,4761

T 11,1601

VilbSION V VENSION VI
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43 45 40i 22
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14 11 12 9

24 18 20 I 25

IL I IWIT no 0741/03

MOM

This problem involves inverse as the square variation.
It 18 difficult 4nd probab4 of rut other level.

OM 0 1 ihrtr. Oil ple...re hr (11e1 .11:0 110 cle

IPA '11 011.1 0! 1114 1!04, 1.11111.. 11.11.M.14) It IOn 150 1,1c11 !, WI
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/Id 10070010
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tt, Lai 8 cm, 1'4"

0 7.4841N ii, 1.0u0A 13 2 dids 1,1
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740 CUT,

,

rb1,1 rbi .4877
T ,!41 7 11,5168
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3
0, $1..01 7 10. I, /. , 0,2

41.51 II. 1,014,017. 1.44, 11140

cud Ito, 31,1. (if

C I h.o.no wart

COS01114T

Thls question should
re substituted for ono 01' the poorer

ones used in level IV,

VIISION V 98115101; VI

12th 8011

All 1110 1111

11E.ASZ

This node 5000 editing, PaSibit Vostr7coo7.s

10" and "5" should be ,:ho0414, The item has sone

possibilities, For oC" ta 1 or 111 should be en

the sae line.

r

1

All 1110 1111 tricl, 7$ .01 b, 1, !, cot panIct 1,174. 51ouch 17 of 11.1 I 1.tato i t rot

,. Idol, 17 10)4 tin wa Ind Is a load! I17Its SIga, ll .0711 1.1111 Intl t: If
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0 No te170011

0 i 17 6 4 . 0. hool 7 II ma 1 S A
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. S 3

55 18 13 24 It
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T lb3 T 13.2289

C. hoot 3 ,MiOn 3,7

AtiOut 3 brown It ho to be 11111

C. I bre no alter

ccottr

1

This question should be substituted for one of

tho poorer ones uscd in level IV.
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